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AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 


{Adopted November 5th, 1884.} 


OBJECTS. = 


Arr. 1. The objects of the American Socrery or MECHANICAL 
ENGINEERS are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of profes- 
sional papers, and to cireulate, by means of publication among its 
members, the information thus obtained. 


Arr. 2. The Society shall consist of Members, Honorary Mem- 
bers, Associates and Juniors. 

Art. 3. Mechanical, Civil, Military, Mining, Metallurgical and 
Naval Engineers and Architects may be candidates for member- 
ship in this Society. 


MEMBERSHIP. 


Arr. 4. To be eligible as a Member, the candidate must have been 
so connected with some of the above-specitied professions as to be 
considered, in the opinion of the Council, competent to take charge 
of work in his department, either as a designer or constructor, or 
else he must have been connected with the same as a teacher. 

Arr. 5. Honorary Members, not exceeding twenty-five in num- 
ber, may be elected. They must be persons of acknowledged pro- 
fessional eminence who have virtually retired from practice. 

Art. 6. To be eligible as an Associate, the candidate must have 


such a knowledge of or connection with applied science as quali- 


fies him, in the opinion of the Council, to co-operate with engineers 


in the advancement of professional knowledge. i 
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Art. 7. To be eligible as a Junior, the candidate must have 
been in the practice of engineering for at least two years, or he 
must be a graduate of an engineering school. 

The term “Junior” applies to the professional experience, and 
not to the age of the candidate. Juniors may become cligible to 
membership. 

Arr. 8. All Members and Associates shall be equally entitled to 
the privileges of membership. Honorary Members and Juniors 
shall not be entitled to vote nor to be members of the Counce+l. 


ELECTION OF MEMBERS. | 
O F MEMBI 


Arr. 9. Every candidate for admission to the Society, excepting 
candidates for honorary membership, must be proposed by at least 
three members, or members and associates, to whom he must be 
personally known, and he must be seconded by two others. The 
proposal must be accompanied by a statement in writing by the 
candidate of the grounds of his application for election, including — 
an account of his professional experience, and an agreement that 
he will conform to the requirements of membership if elected. 

Arr. 10, All such applications and proposals must be received — 
and acted upon by the Council at least thirty days before a regu- 


lar meeting, when the Secretary shall at once m: il to each mem- ; 
ber and associate, in the form of a letter ballot, the names of ean- 
didates recommended by the Council for election. 

Art. 11. Any member or associate entitled to vote may erase _ 
the name of any candidate, and may, at his option, return to the | 


Seeretary such balot enclosed in two envelopes, the inner one to 
be blank and the outer one endorsed by the voter. : 

Arr. 12. The rejection of any candidate for admission as mem-_ 
ber, associate, or junior, by seven voters, shall defeat the elec- . 
tion of said candidate. The rejection of any candidate for admis- _— 
sion as honorary member by ¢hvee voters shall defeat the election Tey 


of said candidate. 

Arr. 13. The said blank envelopes shall be opened by the _ 
Council at any meeting thereof, and the names of the candidates 
elected shall be announced in the first ensuing meeting of the So- . 
ciety, and also in the first ensuing list of members. The names 


of candidates not elected shall neither be announced nor recorded 
in the proc -eedings. 
Arr. 14.—Candidates for admission as honorary members shall 6 


6 
6 
>= 


| 
a 
> 
| 
| 
| 
\y 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. XXiX 


not be required to present their claims; those making the nomi- 
nations shall state the grounds therefor, and shall certify that the 
nominee will accept if elected. The method of election in other 
respects shall be the same as in case of other candidates. 

Arr. 15. All persons elected to the Society, excepting honorary 
members, must subscribe to the rules and pay to the Treasurer 
the initiation fee before they can receive certificates of member- 
ship. If this is not done within six months of notification of elee- 
tion, the election shall be void. 

Art. 16. The proposers of any rejected candidate may, within 
three months after such rejection, lay before the Council written 
evidence that an error was then made, and if a reconsideration is 
granted, another ballot shall be ordered, at which thirteen nega- 
tive votes shall be required to defeat the candidate. 

Art. 17. Persons desiring to change the class of their member- 
ship shall be proposed in the same form as described for a new 
applicant. 

FEES AND DUES. 


~ Arr. 18. The initiation fees of members and associates shall be 
$15, and their annual dues shall be $10, payable in advance. The 
initiation fee of juniors shall be $10, and their annual dues $5, 
payable in advance. A junior, being promoted to full membership, 
shall pay an additional initiation fee of $5. Any member or as- 
sociate may become, by the payment of $150 at any one time, a 
life member or associate, and shall not be liable thereafter to 
annual dues. 

Arr. 19. Any member, associate or junior, in arrears may, at 
the discretion of the Council, be deprived of the receipt of publi- 
cations, or stricken from the list of members, when in arrears for 
one year. Such person may be restored to membership by the 
Council on payment of all arrears, or by re-election after an inter- 
val of three years. 


OFFICERS. 

. Art. 20. The affairs of the Society shall be managed by a Coun- 
cil, consisting of a President, six Vice-Presidents, nine Managers, 
and a Treasurer, who shall be elected from among the members 
and associates of the Society at the annual meetings, to hold office 
as follows: 

Arr. 21. The President and the Treasurer for one year; and 
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no person shall be eligible for immediate re-election as President 
who shall have held that office for two consecutive years ; the 
Vice-Presidents for two years, and the Managers for three years ; 
and no Vice-President or Manager shall be eligible for immediate 
re-election to the same office at the expiration of the term for | 
which he was elected. 

Arr. 22. A Secretary, who shall be a member of the Society, 
shall be appointed for one year by a majority of the members of 
the Council at its first meeting after the annual election, or as soon 
thereafter as the votes of a majority of the members of the Council 
ean be secured for a candidate. The Secretary may be removed — 
by a vote of twelve members of the Council, at any tine atter one— 
month’s notice has been given him by a majority of its members— 
to show cause why he should not be removed, and he has been— 
heard to that effect. The Secretary may take part in any of the 
deliberations of the Council, but shall not have a vote therein. 
His salary shall be fixed for the time he is appointed by a majority — 
vote of the Council. 

Art. 23. At each annual meeting, a President, three Vice-Presi- 
dents, three Managers and a Treasurer shall be elected, and the 
term of office of each shall continue until the end of the meeting 
at which their successors are elected. 

Art. 24. The duties of all officers shall be such as usually per-_ 
tain to their offices or may be delegated to them by the Council 
or by the Society. The Council may, in its discretion, require 
bonds to be given by the Treasurer. 

Art. 25. The Council may, by vote of a majority of all its — 
members, declare the place of any officer vacant, on his failure for 
one year, from inability or otherwise, to attend the Council meet- 
ings, or to perform tlie duties of his office. All such vacancies 
and those occurring by death or resignation shall be filled by the 
appointment of the Council, and any person so appointed shall 
hold office for the remainder of the term for which his predecessor 
was elected or appointed; provided that the said appointment 
shall not render him ineligible at the next annual meeting. 

Art. 26. Five members of the Council shall constitute a quorum ; 
but the Council may appoint an Executive Committee, or business 
may be transacted at a regularly called meeting of the Council, at 
which less than a quorum is present, subject to the approval of 
a majority of the Council, subsequently given in writing to the — 
Secretary and recorded by him with the minutes. Absent mem-_ 
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bers of the Council may vote by proxy upon subjects stated in the 
call for a meeting, said proxy to be deposited with the Secretary. 

Arr. 27. The President on assuming office shall appoint a 
Finance Committee and a Publication Committee and a Library 
Committee of five members each. The appointment of two mem- 
bers of each Committee shall expire at the end of each year. The 
Secretary shall, ex officio, be a member of all three Committees. 

Arr. 28.—The Finance Committee sliall have power to order 
all ordinary or current expenditures, and shall audit all bills there- 
for. No bill shall be paid except upon their audit. When spe- 
cial appropriations are ordered by the Society, they shall not take 
effect until they have been referred to the Council and Finance 
Committee in conference. 

Arr. 29, It shall be the duty of the Publication Committee to 
receive all papers contributed, to decide which shall be published 
in the Transactions, and which shall be read in full at the meetings. 

Arr. 30. It shall be the duty of the Library Committee to take 
charge of the collection of all material for the Library ot the So- 


ciety, and to supervise all 1egulations for its use. 


ELECTION OF OFFICERS. 


* Art. 31. At the regular meeting preceding the annual meeting 
& nominating committee of five members, not officers of the Soci- 
ety, shall be appointed, and this committee shall, at least thirty 
days before the annual meeting, send to the Secretary the names 
of nominees for the offices falling vacant under the rules. In ad- 
dition to such regularly appointed committee, any other five mem- 
bers or associates, not in arrears, may constitute an independent 
nominating committee, and may present to the Secretary, at least 
thirty days before the annual meeting, all the names of such can- 
didates as they may select. All the names of such independent 
nominees shall be placed upon the ballot list with nothing to dis- 
tinguish them from the nominees of the regular committee, and 
the Secretary shall at once mail the said list of names to each 
member and associate in the form of a letter ballot, it being un- 
derstood that the assent of the nominees shall have been secured 
in all cases. 

Arr. 32. In the election of Vice-Presidents, each member and 
associate may cast as many votes as there are Vice-Presidents to 
be elected. He may give all these votes to one candidate, or dis- 


i 


— RULES OF THE 


tribute them among more, as he chooses. Managers shall be 
ese for in the same way. 
- Arr. 33. Any member or associate entitled to vote may vote by 
iret: aining or changing the names on said list, leaving names not 
= eding in number the officers to be elected, and returning the 
list to the Secretary—such ballot inclosed in two envelopes, the 
inner one to be blank and the outer one to be indorsed by the 
_ voter. No member or associate in arrears since the last annual 
ied meeting shall be allowed to vote until said arrears shall have been 
paid. 
Arr. 34. The said blank envelopes shall be opened by tellers 
» at the annual meeting, and the person who shall have received the 
greatest number of votes for the several offices shall be declared 
elected. 


MEETINGS. 


Art. 35. The annual meeting of the Soe iety eae ull be held on 
the first Thursd: ay in November of each year, in the City of New 
7 York, unless otherwise ordered, at which a report of proceedings 
and an abstract of the accounts shall be furnished by the Council. 
The Council may change the place of the annual meeting, and 
shall, in that case, give timely notice to members and associates. 
Arr. 36. Other peal ar meetings of the Society shall be held in 
each year at such time and place as the Council may appoint. At 
least thirty days’ notice of all meetings shall be mailed by the 
_ Secretary to members, honorary members, associates and juniors. 
Art. 37. Special meetings may be called whenever the council 
may see fit; and the Secretary shall call a special meeting at the 
written request of twenty or more members. The notices for 
special meetings shall state the business to be transacted, and no 
other shall be entertained. 
Art. 38. Any member, honorary member or associate may 
introduce a stranger to any meeting; but the latter shall not take 
part in the proceedings without the consent of the meeting. 
; Art. 39. Every question which shall come before the Society 
shall be decided, unless otherwise provided by these rules, by the 
: votes of a majority of the members and associates present, pro- 


_ vided there is a quorum. 
7 Art. 40. At any regular meeting of the Society thirteen or more 


m members and associates shall constitute a quorum. 
Art. 41. Unless otherwise ordered, papers shall be read in the 
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order in which their text is received by the Secretary. Before 
any paper appears in the Zransactions of the Society a copy of 
the paper shall be sent to the author, and, so far as possible, a 


copy of the reported discussion shall be sent to every member 
who took part in the same, with requests that attention shall be 
called to any errors therein. 


Arr. 42. The Society shall claim no exclusive copyright in 
papers read at its meetings, nor in reports of discussions, except 
in the matter of official publication with the Society's imprint, as 
its Zransactions. The Secretary shall have sole possession of 


| 


papers between the time of their acceptance by the Publication 
Committee and their reading, together with the drawings illustrat- 
ing the same; and at the time of such reading, or as soon there- 
after as practicable, he shall cause to be printed, with the authors’ 
consent, copies of such papers, “ 
illustrations as are needed for the 7ransactions, for distribution 
to the members and for the use of technical newspapers, American 


subject to revision,” with such 


and foreign, which may desire to reprint them in whole or in part. 
The policy of the Society in this matter shall be to give papers 
read before it the widest circulation possible, with the view of 
making the work of the Society known, encouraging mechanical 
progress, and extending the professional reputation of its members. 

Art. 43. The author of each paper read before the Society 
shall be entitled to twelve copies, if printed, for his own use, and 
all members shall have the right to order any number of reprints 
of papers at a cost to cover paper and printing ; provided, that 
said copies are not intended for sale. 

Art. 44. The Society is not, as a body, responsible for the 
statements of fact or opinion advanced in papers or discussions, 
at its meetings ; and it is understood that papers and discussions 
should not include matters relating to politics or purely to trade. 


AMENDMENTS. 
Art. 45. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present ; provided, that writ- 
ten notice of the proposed amendment shall have been given at a 
previous meeting. 


— 
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OF THE 


SEVENTH ANNUAL MEETING 
OF THE 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. © 


(X1Vth) 


LOCAL COMMITTEE OF ARRANGEMENTS :—W™M. H. Winey, Chairman; F. R, 
Hutron, Secretary; J. C. Bayles, Wm. Lee Church, Jas. A, Crouthers, Charles 
__E. Emery, Thomas A. Edison, H. 8. Hayward, Wm, Hewitt, Henry Morton, Ed- 

ward Weston. 


a THE opening session was called to order in the hall of the New 
York Academy of Medicine, No. 12 West 31st Street, at 8.30 p.m 
on Monday, November 29th. The chair was taken by Vice- 

President Henry R. Towne, of Stamford, in the absence of the = 

President, Mr. Coleman Sellers, of Philadelphia. The latter was_ | a 

in Europe on account of ill health, and had sent a letter of regret, | q 

which was read by the Secretary. Ss 

The acting president in calling the meeting to order, spoke of 
the regret with which the meeting had to forego the pleasure’ 
of listening to the usual address of the President of the Society, ; 
which is presented at this time, but announced that such an 
address would be printed as a paper in the volume of Transac- 
tions when the strength of the President should enable him to — 
complete it. The veteran engineer, Mr. Horatio Allen, honorary 
member of the Society was then introduced, and spoke of the 
early engineering enterprise of this country in the locomotive and 
steamship development. Prof. R. H. Thurston, at the close of — 
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the address, moved a vote of thanks to Mr. Allen, which was 
seconded by Prof. W. P. Trowbridge and Mr. H. KR. Towne. 
After some announcements by the Secretary, and the appointment 
by the chair of Messrs. Van Winkle, Heminway and White to 
act as tellers to count the ballots cast for officers to be chosen at 
this meeting, the Society adjourned for a social reunion and sup- 
per in the lower room and parlors. 


Srconp Day. TvurspAy, NoveMBER 30TH. 


The second session was called to order at 10 a.m., in the Hall 
of the New York Academy of Medicine. 

The Secretary’s Register showed the following members in 
attendance, during the successive meetings, and quite a number 
of ladies joined the excursions : arr 


Alden, G. I Worcester, Mass. 
Allen, Francis B Hartford, Conn. 
Allen, Horatio (honorary member) Orange, N. J. 
Ashworth, Daniel........ Pittsburgh, Pa. 
New York City. 
Baker, W. 8. G Baltimore, Md. 
Beardsley, Arthur ... Swarthmore, Pa. 
Betts, William Wilmington, Del. 
Bellhouse, R. W Syracuse, N. Y. 

Bilgram, Hugo Philadelphia, Pa. 

Bond, Geo. M Hartford, Conn. 

Booraem, J. V. Brooklyn, N. Y. 

Brooks, Morgan 


Campbell, A. C Bridgeport, Conn. 

Capen, T. W Stamford, Conn. 

Carpenter, R. C Lansing, Mich. 

Church, W. L 
Clarke, C. 

Cole, J. W Columbus, O. i 
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- Collinsville, Conn, 
Hollerith, Herman... Washington, D. C, 
Hollingsworth, Boston, Mass. 
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Hutton, F. BR. (Secretary). New York City. 
Livermore, Chas. York City, 
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Stiles, Norman C...............6 Middletown, Conn 
Sunstrom, Karl J........... Worcester, Mass. 
Torrance, Kenneth... Brooklyn, N. Y. 
Towne, H. R. (Acting President)............... Stamford, Conn, “ih 


sa Portchester, N. Y. 


Hoboken, N. J. 
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A number of gentlemen were aiso registered as guests of the a 
Society during the convention. 
The first business in order was the Report of the Council, , 
which was read by the Secretary as follows: . 
: REPORT OF THE COUNCIL. 
‘ | 
— The Council would present its Annual Report to the Society 
under the Rules. It has held seven meetings during the year for 
the transaction of business, and the following is a summary of its dl 
action : 


The Committee on Rules for Debate presented a scheme for an 
conducting this business, which went into effect at the XIIIth 
meeting in Chicago in May, 1886, and will be found in the VIIth 
Volume of the Transactions of the Society, page 408. 

The Council has directed, further, that is not necessary, under 9 
Rules 10-13, to hold back the election of all candidates for mem- | 
bership until within thirty days of a meeting, but have established 
the precedent of ordering a ballot whenever twenty applications 


are received. 

The Council has, moreover, ordered that the pin-badge for 
members be made, hereafter, of a higher grade of workmanship 
than heretofore, albeit at an advanced cost. These badges are 
now furnished at $4.50 under contract with the Society, and by a 
special system of order as called for. 

A committee has also reported upon a system of precedents in 
reference to members delinquent in dues under Art. 19 of the 


Rules. Their report recommends that asin the Rule the names of 
members who have not paid dues for any year be dropped from 
the Catalogue at the end of the first year of delinquency. Such 
names, however, are to be retained upon a “ Suspended List” for 
two more years, during which time their membership may be re- 
sumed on payment of arrears. After three years, however, mem- 


‘ 
« 
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bership can only be resumed by re-election, as provided in the 
Rule. Members on the Suspended List receive no Transactions, 
nor can they vote, but may attend meetings, and take part — 


therein. 


> This same committee has also considered the advisability of a — 
' change in the form of blank for application for membership, in 


_-view of the growing necessity for close scrutiny of candidates by 


_ the Council. The new form will be shortly issued for the use of ‘al 
members and new applicants. 
7 The Council would present the Report of its Tellers as follows : : 
- &£ The undersigned were appointed a Committee of the Council to | 

~ aet as tellers under Rule 13, to count and scrutinize the ballots 
east for and against the candidates proposed for membership in — 
the Society of Mechanical Engineers, and seeking election before ty, 
the fourteenth meeting of the Society, in November, 1886. 7, 
They would report that they have-met upon the designated — 
days in the office of the Society, and proceeded to the discharge 
of their duties. 
They would certify, for formal insertion in the Records of the 


Society, to the election of the appended named persons to their — 
respective grades upon the Lists Number One and Number Two, 


colored, respectively, pink and yellow. 
There were 293 votes cast in the ballot upon the pink list, of 
which 11 were thrown out because of informalities, and there were — 


334 votes cast using the yellow ballot, of which 8 were thrown out | 


because of informalities. 
The list is appended below. 


W. F. Durrer, } Tellers of the 


4 AS MEMBERS. 


Cottrell, Calvert B......... New York City. 
Davideom, Marshall T......... York City. 
DeMontmorency, Carl G. Warren, Mass. 
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Folger, William M... 
Gale, Horace B 
Goodale, A. M.... 
Goodfellow, George 


Hornung, George 
Hunt, Joseph 
Kebler, J. 
King, Charles C 
Lanphear, O. A.... 


Lavery, George L........ 


Ludlam, Jos. 


.West Albany, N. Y. 


Packard, L 
Pearson, W. B 
Plumondon, Ambrose 


Pope, Samuel | 
Rameay, A....... 
Roberts, F. C 

Ruth, W. } 


Sheriffs, James...... 


Borge, A., dr. ... 
Steward, John F 
Taylor, J. Archie 
Ulmann, Charles J 
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Washington, D.C 


Louis, Mo. 
. Waltham, Mass. 


Steelton, Pa. 
Chicago, Ill. 


. Cincinnati, Ohio. 


Catasaqua, Pa, 


. Ottumwa, Lowa. 
.New Brighton, N. 


Columbus, QO. 
Chicago, IL). 
Lowell, Mass. 
Brooklyn, N. Y. 


.. Cleveland, O, 


. Trenton 


Chicago, Il. 


. Chicago, 
.Chicago, I). 
.Baltimore, Md. 


N. J. 
Fort Wayne, Ind. 
Phila., Pa 


Milwaukee, Wis. 


Rochester, N. Y. 
Chicago, Il. 
Wilmington, Del. 


.Providence, R. I 


Waddell, J. A. L 


Pheenixville, Pa. 


Rupley, George 


Armstrong, E. J 
Dixon, W. F. 


AS 


JUNIORS. 


J AS ASSOCIATES. 


Meadville, Pa. 


Duluth, Minn. 


.Painted Post, N. Y 


York City 


PROMOT 


IONS TO FULL 


MEMBERSHIP. 


Roche, John A., Associate of the A. 8S. M. E,...Chicago, Ill. 


Greene, Isaac C., Junior of the’ A. 8. M. E.. 


. Baltimore, Md. 


The Council would also report the following summary 


membership : 
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Juniors 


follows: 


Frederick E. Butterfield 


The Report of the Finance Committee to the Council at its 
final meeting was also read, giving the summary of their work | 
- during the fiscal year just closed. This report was as follows: 


‘ The Finance Committee, would respectfully report to the 
— Council the following statement of the receipts and expenditures — 
of the Society, under their direction, for the twelve months end- 

ing November Ist, 1886. 
The receipts have been as follows : 


Initiation Fees 


Library (Current Expenses) ....... 243 


Contingent 22 


Balance on bend November Ist, 


. 7 
y Increase at this meeting : 1 
— Bn 
The losses by death since the last annual meeting have been as 7 
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The expenditures have been as follows: 


Printing and Stationery. .............00. $545 18 
Refund Advance of Treasurer... 22 77 


Balance on hand November 1, 1885.... ............. 984 6D 


$11,073 11 


we 


Of this balance, $831.73 stands to the credit of the Society in 
the Bleecker Street Savings Bank, and $152.96 is in the hands of 

the Treasurer as a Balance to carry forward to the next fiscal 
year. 

There remains $554.37 on, the books, outstanding, as due to 
the Society, from the membership. Of this sum, over $270 comes 
over from last year, and $320 of it is probably uncollectable. 
There is every probability that the rest will be paid in when the 


financial embarrassments are removed from the indebted mem- 
bers. 


The increase in the expenditures over previous years is due to 
the growing size of the volumes of Transactions, and the entailed 
expense for printing, engraving and distribution. During this 

year also the Society has paid for many items, for which the bills 
have been presented in previous years, after the date of the 
Annual Report. This is due to the earlier date at which papers 
are issued before the meeting, and there are so many less bills 
outstanding against the Society chargeable to next year’s income. 
vespectfully submitted, 
By the Finance Committee, 


The Library Committee Report was also presented by its 


Chairman, and read by the Secretary, as follows: 


be 
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In accordance with the resolutions adopted at a previous _ 
meeting of the Society, active measures have been taken for the — 
creation of » library, in the manner recommended by the report _ 
of the Committee submitted at that meeting. > 

To this end the Secretary issued a circular to the membership, ; 
explanatory of the scheme, and soliciting subscriptions in any of © 
the three following forms, viz.: 

(a) Annual subscriptions to a permanent fund, of $10 or up- 
wards (payable in installments if preferred). 

To this there have been responses since the last Report, Vol. 
VIL. Transactions, page 13, from six members, viz.: . 
Hill 

G.R Cullingworth 


$25.00 
10.00 
19.00 
10.00 
5.00 
5.00 


$65.00 
613.40 
$678.40 


(2) Annual subscriptions to an amount of $2, payable at the 
same times as the annual dues. , 
To this there have been responses since the last report above 
referred to, from thirty-one members, viz.: ee 
A. H. Raynal, 
Albert W. Jacobi, 


W. F. Rumely, 


Frank Grinnell, 
J. F. Sorzano, a 


Harry C. Francis, 


Ferd. Phillips, O. W. Kelly, 


C. C. Hill, 

W. H. Doane, 
Geo. H. Perkins, 
F. Cummer, 
Gaetano Lanza, 
Ferd. Martens, 
F. M. Wheeler, 


Wm. Sellers, 
Chas. A. Moore, 
E. K. Sancton, 
W. H. Inslee, 

N. C, Stiles, 
Chas. P. Howard, 
Isaac C. Greene, 
C. Potter, Jr. 


Whose annual subscriptions form a total of. 


The previous subscriptions, given in the last report were. . 


Making a total yearly fund to draw upon, of 


Chas. H. Loring, 
Theo, N. Ely 
Geo. Hayes, 
J. N. Barr, 
W.H. Bone, 
Eckley B. Coxe, 
John Walker, 
Hillary Messimer, 


$62.00 
169.00 


There are therefore 114 members now regularly contributing to | 


this fund by this plan of small increase in the dues, and it is _ 


urged that all others who can conveniently do so, should co-oper- 


e 
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Previously reported in last annnal] report............ 
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Total 
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ate in the further extension of this plan, and thus induce a more 
general interest among the members. icihs 
(ec) Direct contributions of books and papers of value. 
To this there have been a number of responses during the year, 
particularly by members residing abroad. The following list con- 
tains the contributions not catalogued in the previous report. 


By Samuel McElroy : 
Original and Present State of Brooklyn Water Works, 
Water Power at Niagara Falls. 
A. Hirn: 
La Cinetique Moderne et la dynamisme de l’ Avenir. 
La Conservation de ]’Energie Solaire. 
Notice sur les Lois du Frottement. 
Recherches sur les Lois de l’Gcoulement et du Choc des Gaz. 
Remarques relatives a une Critique du Zeuner. 
Biographie de O. Hallauer. 
Recherches Experimentales sur la Limite de la Vitesse que prend un Gas. 
telations reciproques des grands Agents de la Nature. Wiss 
Remarques par M. Faye sur la Vitesse de Gaz. 
Reflexions sur une Critique de M, Hugioniat, 
+, A. Hirn and O, Hallauer : 
Refutations, une Critique de M. Zeuner. 
. Hallauer (Deceased) : 
Etude Critique sur les Moteurs a Vapeur. 7 Pamphlets. 
Resume de la Theorie Mecanique de la Chaleur, 2 Pamphlets. 
Compression de la Vapeur. 
Note sur les Variations du Vide. 
Note sur une Modification de I’Indicateur de Watt. 
Note sur la Construction du Thermometre differential a Air. 
Analyse de deux Machines Corliss. 
By J. T. Henthorn: 
Report upon the Pumping Engine at Pettaconset Station. + 
By William Kent : 
Engineering as a Profession, 
By J. Burkitt Webb : 
The Second Law of Thermodynamics. 
By George H. Bleloch: 
The Art of Needle Making. 
By W. H. Durfee : 
The Mitis Process of Producing Wrought Iron and Steel Castings. 
By William A. Rogers : 
The German Survey of the Northern Heavens, 
On the Method of Determining the Index Error of the Meridian Circle. 
Studies in Metrology. 
The Reduction of the Different Star Catalogues to a Commoh System. 
Micrometry. 
By J. Bauschinger: 
Protokoll of the Second and Third Sessions of the Conference in Reference 
to Testing of Materials. 
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By Henri Schneider 4 
Essais Effectues sur un Mac shine Corliss a Creusot. 
By R. Clausius ; 
Zur Theorie der Kraftubertragung durch Dynamo-electrische Maschinen. 
2 Pamphlets. 
. Tresca (Deceased) : 
- Resultats sur les Machines et les Regulateurs d’Electricite a courant con- 
tinu., 
Conference sur la Transmission du Travail mechanique par les Courants 
electriques. 
Experiences faites a |’Exposition Electrique. 
By Francis Reuleaux : 
Dampfkessel Explosionen im Deutschen Reiche, 1877-1881. 
Caltur und Technik. 
Neuerungen in Ferntriebwerken. 
By J. J. Kunstadter : 
Report of Experiments with U. 8.8. 8. * Nina,” with rudder alone and 
Kunstadter’s Screw 
By William Cowles : 


” 


The ‘Oram System 
By Charles T. Main : 

Relative Costs of Steam and Water Power. 
By J.C. Hoadley (Deceased) : 

Steam Engine Practice of the United States. 
By Horace See : ie 

Utilizing Steam of the Higher Pressure. 


of Marine Propulsion. 


By F. R. Hutton i 
Improvement in Locomotive Engines and Railways, by George E, Sellers. 
By C. J. H. Woodbury : 
Reports 1 and 2 on Automatic Sprinklers. 
Electric Lighting in Mills. 
‘G The Relation of Electrie Lighting to Insurance. wrt 
Protection of City Warehouses from Loss by Fire. 
By Dwelshauvers-Dery : 
Les Decouvertes recentes concernant la Machine a Vapeur. Caleul du rayon 
des Bobines des Machines d’Extraction. 
Sur la Forme du Tambour Regulateur des Machines d’Extraction. 
Note sur la Compression de Vapeur. 
De la Regulation de Machines, 
Le Regulateur de Buss 
Report sur la Section de Mechanique de l’Exposition Nationale de Milan, 
Theorie des Moteurs a Vapeur. 
Revue des Machines thermiques motrices exposes a Paris. 
Revue des Machines thermiques motrices exposes a Vienne. 
Programme du Cours de Mechanique appliquee et de Physique 
trielle. 
Principes de la Resistance des Materiaux. 
Auchincloss : 


Practische Anwendung der Schieber und Coulissensteuerungen, 
Henry Metcalfe : 


The Cost of Manufactures and the Administration of Work Shops. 
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J. Bauschinger : ae ch. 
Mittheilungen aus dem Mechanisch Technischen Laboratorium. 


1 to 15. 


Parts, 


John H. Cooper : 
Ruskin’s Modern Painters. 5 vols. 
Time and Tide. L. Ruskin. 
 ——- Life and Travels of Von Humboldt. 


Together witb twenty other books which have not been as yet put upon 


the Library Catalogue, in view of their more remote connection with 
the special objects for which the Library is being collected. 
ANNUAL REPORTS. 


Harbor Canada. 


PROCEEDINGS OF SOCTIETYES. 


Associated Societies of County Surveyors and Civil Engineers of Indiana. 
American Water Works Association. 

_ Michigan Association of Surveyors and Civil Engineers. 

Michigan Engineering Society. 


It is known, however, that many members have issued books 


or professional publications during the year, which are not repre- 
sented in the Library. The advantage to the Library of such 
gifts from the members is so obvious that it is only necessary to 

ask your more particular attention to the matter in the future than 
it has received in the past. 


Moreover, since the previous report, the Society has acquired 
by purcbase, vols. 4 to 12 inclusive, of London Engineering, which 
were lacking at that time, and their set is now complete with the 
exception of vols. 1, 2 and 3, and vols. 29 to 33 inclusive, which 
the Committee would be very glad to obtain, so as to make their 

_ set complete from the beginning. 
During this year also efforts have been made to complete the 
back files of the periodicals taken at the office, and in addition to 
the files of current numbers given below, the Library contains 


American Engineer, Chicago. Complete from beginning of vol. 2, 1881. 
Electrical Review, New York. Complete from beginning of vol. 38, 1883, and 
7 vol. 2 is complete except the first six numbers. 
- Manufacturers’ Gazette, Boston. Complete from the beginning of vol. 6, 1884. 
American Machinist. Complete from the beginning of vol. 1, except No. 1, of 
vol. 1. 
American Journal of Railway Appliances. Complete from vol. 1, 1883. mt ; 
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Cotton, Wool and Iron, and Boston Journal of Commerce. Complete from begin-— 
ning of vol. 23, 1884. 
Chicago Journal of Commerce. Complete from beginning of vol. 44, 1884. 


Electrical Review of England. Complete vol. 13, 1883. tes ' 
Mechanics. Complete from vol. 1. 
Official Gazette, Patent Office. Complete from vol. 26, 1884. 
Engineering and Mining Journal. From vol, 29, 1880. 

National Car Builder. From vol. 2, 1880. 7 ’ 
Railroad Gazette. From vol. 15, 1883. 3) 
Van Nostrand’s Engineering Magazine. From vol, 22, 1880. = 
Industrial World, Chicago. From vol. 20, 1883. 

The Engineer of England, begins with vol. 58, 1884. 

Iron, England, begins with vol. 24, 1884. 

Mechanical World and Steam Users’ Journal, England, begins with vol. 17, 1884. 4 
Engineering News, begins with January, 1886. 3 


American Miller, begins with January, 1855. 
Railway News, begins with January, 1886. 


If any of the members know of any facilities for supplying any — 
of the previous issues of the above mechanical journals, they 
will confer a favor by putting the Committee in the way of secur- 


ing them. 


Zpravy Spolku Architektu a Inzenyru. Prague. 


LIST OF EXCHANGES 
= - 
Ingenioers-Foreningens Forhandlinger. Stocklolm. 
Mining Institute of Scotland. Hamilton. A 
North of England Institute of Mining and Mechanical Engineering. 
Institute of Mechanical Engineering of Great Britain. London. 
Institute of Civil Engineering of Ireland. Dublin. academia 
Mechanical World, Loudon, 


Engineering. London, 
The Engineer. London. A= 


Newcastle, 


Iron. London, 
Electrical Review. Lendon. 

Master Car Builders’ Association. New York 
Engineers’ Club of Philadelphia. Philadelphia. 
Engineers’ Society of West Penn. Pittsburgh. 
United States Naval Institute. Annapolis. 
Franklin Institute. Philadelphia. 

American Society of Civil Engineers. New York. i 7 
American Institute of Mining Engineers. New York. 7 : 
Associated Engineering Societies. St. Louis. ——" 
American Journal of Railway Appliances. New York. 
Electric Review. New York. 

Chicago Journal of Commerce. Chicago. 
Boston Journal of Commerce. Boston. age 
Industrial World. Chicago. 4 
American Engineer. Chicago. 
Manufacturers’ Gazette. Boston. 
American Machinist. New York. 
9 
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Mechanics. New York. 

Railroad Gazette. New York. =) 
Engineering and Mining Journal. New York. 
Institution of Engineers and Shipbuilders of Scotland. Glasgow. 


Northeast Coast Institute of Engineers and Shipbuilders. Newcastle on Tyne. _ 7 
Societe des Ingenieurs Civils de France. Paris. a 


National Car Builder. New York. 
American Miller. Chicago, é 
Engineering News. New York. 


United States Patent Office. Washington, D.C. = * 
Van Nostrand’s Magazine. New York, 
Railway News. New York. ¢ 

— Conservatoire des Arts et Metiers. Paris, France. lead 


Polytechnic Society of Norway. Christiana. 
Liverpool Engineering Society. Liverpool, Eng. 
The Society of Arts. Massachusetts Institute of Technology. Boston. 
Respectfully submitted 
by the LIBRARY COMMITTEE, 
The Committee on securing the passage of a bill for the ap- 
pointment of a U. S. Commission to test materials, ete., presente d 
its final report as follows: 


To The American Society of Mechanical Engineers. 
GENTLEMEN :— 

Your Committee beg respectfully to report that since the last Annual Meeting 
they have been actively engaged in endeavoring to further the object of their ap 
pointment. They were in conference with members of Congress before it met, — 
and immediately after its opening a bill for the appointment of a Test Commission _ 
was introduced. Engineers were then written to all over the United States, ask- 
ing them to urge their representatives in Congress and their senators to vote for the 
bill. Many assurances of sympathy in the bill and determination to work for it 
were received from members of Congress and from all parts of the United States 
as well. After some delay a canvass was made of the opinions of the various 
7 members in the House of Representatives, and it was found that there was a 
- large majority in favor of the bill. Notwithstanding all this, it was found to be 
impossible (for what reason your Committee cannot state) to get the bill before 
the House for discussion, although it was on the calendar. The reason which 
was given by the persons in charge of the bill was that there was no politics in 
it. Congress adjourned without reaching the bill. Any further effort that is 
made in this direction will therefore have to be made ab initio. In view of the 
fact that your Committee has worked earnestly at this matter and has used every 
honorable means within their knowledge to promote the passage of this bill, and 
has failed for several successive years, owing to no fault of their own, your Com- 
mittee suggest that if this subject is to be further continued it be committed to 
other hands, and that this Committee be discharged from any further considera- 
tion of this subject. bats 


Yours respectfully, 
THOS. EGLESTON. 
J. H. Wooppury. 
OBERLIN SMITH. 
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This report having been presented, it was moved and seconded 
that it be accepted and adopted and the Committee discharged. 

This motion was carried. 

The report of the Committee of the Society on securing uni- 
formity in standards for pipe and pipe-threads was next presented 
by the Secretary of the Committee, Mr. Geo. M. Bond, and re- 
ceived brief, favorable and complimentary discussion. Mr. Kent 
moved a vote of thanks, which was most cordially seconded by 
Mr. Doane, and the motion was carried. 

The report, as amended in conformity with Mr. Kent’s sugges- 


tion, is of so important a nature, and particularly in view of 


added matter ‘which could not have been included in it at the 
date of its presentation, that it is printed in full as one of the 
contributed documents of the meeting, with appended discussion, 
as paper No. CCX XVI. 

The Chairman: * The next report is that of the Committee on 
Uniform Methods of Testing. As a member of that committee I 
will report briefly that we have made some progress. Prof. Egles- 
ton, who was chairman of the committee, has been compelled by 
ill health to resign the chairmanship. The purpose sought in the 
appointment of the committee was to arrive, if possible, at some 
uniform method of making tests of materials whereby the im 


mense amount of this kind of work, which is constantly being 


done all over the country, may be made comparable, so that the 


work which each person does shall be available not only to him, 


but to all others, and vice versa. The first step taken by the com- 
mittee was the sending out of a request, accompanied by samples 
of material—bars of iron and steel, round, square, and flat—to 
some ten or twelve different concerns having testing machines, 
with the request that they would test these specimens and make 
a report on them and return them. ‘The reports received in re- 
sponse to that request were so variable in form and statement, 
that a tabulation of them, which was made by Mr. Henning, one 
of the committee, required, if I remember, very nearly fifty col- 
umns, in order to cover every kind of report or statement made by 
each of the different investigators. It was simply impossible to 
make any general deduction from returns which were so variable 


in their bases of statement; and the next step of the committee | 
was to consider carefully a form of standard report for this par- 
ticular purpose ; not for general adoption, but a fowm which would — 


* Mr. Henry R. Towne. 
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give us identical kinds of information from each party who made 
the tests. Such a blank was prepared, printed, and sent out, in this 
4 case, to twenty-two concerns having testing machines, accompanied 
by specimens, consisting of three each, round and square wronght 
avon bars, and also a similar number of pieces of steel—all of the 
material, by the way, being contributed by manufacturers in aid 
_ of the work of the Society. These test pieces have now been out 
for a month or more ; many of them have been tested and re- 
turned, and we believe that probably all of the parties addressed 
will respond by making the tests and giving us the reports. A 


_ few of them who have already reported have, in addition to far- — = 
nishing the reports of the tests, given us considerable information 
as to the construction of their machines, as to their regular 
methods of test, and other data which are of interest. When all of 
3 this information shall have been received, the committee proposes 7 
to tabulate it and put it in form for submission to the Society, and, is 
if the committee can arrive at an agreement as toa standard form 
for a report blank for tests, they will append that, presumably - 
also adding some brief statement of the rules that should govern 


tests in order to make them comparable. If all this can be ac-  _ 
complished, the work of the committee will undoubtedly be of — 
- value and interest. We hope to have the work so far completed . 
as to be able to make a report at the next meeting. ; 
The last report was the report of the tellers appointed at the 
previous session to count the ballots for officers : 
vee November 30th, 1886. 
The tellers, appointed at the meeting last evening, have to re- 
port that they have finished the duties assigned them, and report 
the ballot as follows: Whole number of votes cast, 353, 14 of 
which not indorsed. 


PRESIDENT. 
George H. Baboock................. 


Vick- PRESIDENTS. 


° 
5 
q 


SEVENTH ANNUAL MEETING. 


MANAGERS. 


Frederick G. Coggin. 
John T. Hawkins.... 
Thos. R. Morgan, Sr. 


TREASURER. 


William H. Wiley 


Seattering 


F. Van WINKLE, 
I. F. Heminway, > Tellers. 
H. C. Wuirer, 


be presented by any one, before commencing the reading and dis- 
cussion of papers. 

He then briefly reminded the members of the new rules adopted — 
last year, and which were put into effect in Chicago, and which 


proved satisfactory to all the members. The underlying motive — 
of those rules is simply fair play—that each paper shall have its _ 
proportion of time, and that each member discussing a paper shall 
have his fair proportion of time. Five minutes are allowed for 
presenting a paper by abstract and five minutes to each member 


who speaks on a paper; ten minutes being allowed to those who 
present written discussion. Acting upon the evident sentiment 
of the Society, as expressed at the last meeting in Chicago, the 
chair will have to call the time when it has elapsed. 

The first professional paper was by Prof. Francis Reuleaux, of — 
Berlin, Germany, honorary member of the Society, entitled “ Fric-_ 
tion of Toothed Gearing.” Messrs. Lewis, Bilgram and C. ‘ 
Smith presented written discussions, and Messrs. Stirling and 
Raynalalso spoke. Prof. Thurston’s paper on the “ Friction of the 
Non-Condensing Steam Engine,” was discussed by Messrs. Barrus, 


Lanza, Kent, Alden, Wolff, and Raynal. 


in Dredging Machinery,’ was discussed by Messrs. Hill and 
Towne. At the close of these papers, a lunch was served in the 
session rooms, tendered by the local committee, and an opportunity 
was given for social intercourse. 
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AFTERNOON SESSION. 

The afternoon session was called to order at half-past two. — 
Three of the topical queries were taken up first. Messrs. Lanza, os 
Alden, and Towne spoke on the question, “ How should a labora-— ~ 
tory of mechanical engineering be equipped?” Messrs. Crane, 
Kent, Lanza, Partridge, Henning, Sanguinetti, Gobeille, all : 
Alden spoke on the query, “ What are the best problems for _ 7 


students in mechanical engineering in the last year of their regu- 


lar course?” The third question, “Can you give any data from 


your own experience as to the power required to drive modern 
American machine tools?” elicited discussion from Messrs. Lewis, © 
Hobbs, Lanza, Crane, Babcock, Doane, Couch, Kent, Raynal, 
Ashworth, Fowler, Falkenau, Weightman, and Towne. 

At the close of these discussions, and before resuming the con- 
sideration of the papers of the meeting, the Chairman announced — 
that the scientific apparatus of Mr. John C. Hoadley, the well-— 
known engineer and expert, had been purchased by Mr. Stephen 
W. Baldwin, of New York, as a gift to the American Society of | 
Mechanica! Engineers. Mr. Hoadley had been an honored mem- — 
ber of the Society, and, upon his death in October, his estate had | 
desired to dispose of his apparatus by sale. The announcement 
by the chair of this very graceful act of Mr. Baldwin was received 
with applause, and, on motion, a committee was appointed, con- 
sisting of Messrs. Babcock and Partridge, to draft suitable resolu- 
tions of thanks to the donor. 


The next paper was by Professor Gaetano Lanza, of Boston, 
upon “The Strength of Shafting exposed to both Twisting and 
Bending:” Messrs. Kent, Henning, Hawkins, Crane, Hill, and 
Towne discussed it. The paper by Prof. G. TI. Alden, entitled 


“ Formule and Tables for Calculating the Effect of the Reciprocat- 
ing Parts of High-Speed Engines,” was discussed by Messrs. 
Lanza and Lewis. 

The paper by Mr. Geo. H. Barrus, of Boston, giving results of 
investigations with his new calorimeter, was the last paper of the 
session. The rest of the time up to adjournment was taken 
up with the topical query: “ What are the best conditions for 
flying rope for transmission of power? Are there limitations to its 
use?” Messrs. Crane, -Hill, Sterling, Hawkins, Giddings, Raynal, 
Hobbs, Towne, Partridge, Sanguinetti, Durfee, and Hutton spoke 
in discussion. 
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At the close of this topic, a letter was read inviting the Society 
to visit the works of the National Car Spring Co.,at Newark. The 
Secretary was requested to return the thanks of the Society for 
the courtesy. A telegram to the Secretary was also read, announe- 
ing the death, at his residence in Youngstown, Ohio, of Mr. Homer 
Hamilton, one of the interested members of the Society. At the 
next session it was moved that the Secretary be requested to send 
a message of sympathy from the convention to the family of Mr. 


Ilamilton. The session then adjourned, 

In the evening, by the courtesy of the Board of Managers of the 
American Institute, the Society attended the fair of the Institute. 
Complimentary tickets had been furnished, and were very gener- 


ally used by the visiting members. 


Tatrp Day, WEDNESDAY, DecemBer Ist. 


The steamer Pleasant Valley had been chartered for this day to 

take the members and their friends to visit places of interest in 

_ Newark. On the way down the bay, a stop was made at Bedloe’s 
Island, and by the courtesy of Captain Brewerton, U. 8. A., the 
party were allowed to ascend the Bartholdi Statue of Liberty and 
get the view from it. Arriving at Newark, the party visited the 
Hewes and Phillips Iron Works, and were from thence escorted 
to lunch, tendered in one of the city armories. After lunch, car- 
riages took the party to the works of the U.S. Illuminating Co., 
Watts Campbell and Co., Clark Thread Works, and to the private 
laboratory of Mr. Edward Weston. The lateness of the hour 
prevented a projected visit to the Howell Morocco Works. Par- 
ties went also to the Benjamin Atha Steel Works. 

A professional session was held in the evening in the hall of 
the Academy of Medicine. This session was devoted to the two 
papers belonging to the Economie Section of the Transactions. 
These papers were by Mr. Oberlin Smith, of Bridgeton, N. J., 
entitled “ Intrinsic Value of Special Tools,” and by Mr. W. E. 
Partridge, of New York, entitled “ Capital’s Need of High-priced 
Labor.” Messrs. Grant, Borden, Almond, Cole, Walworth, and 
Towne spoke on the first paper; and Messrs. Hawkins, Kent, 

Fowler, Almond, Wells, Oberlin Smith, W alw orth, 
den, and ‘Towne discussed the second. ah ai 


ant, Bor- 
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Day, TuurspAy, DECEMBER 2D. 
The fifth session was ealled to order in the leeture-room of Pro- 
fessor Wood, in Stevens Institute of Technology, in Hoboken. 
The Society had been invited by the President and Faculty of — 
the Institute, and met, pursuant to call, at ten o'clock. The first 
paper was by Mr. Benjamin Baker, Engineer of the Forth Bridge 
Railway of England, and honorary member of the Society. It 
was entitled “The Working Stress of Iron and Steel,” and 
Messrs. Kent, Bond, Henning, and Towne took part in the dis- 
cussion, together with Prof. De Volson Wood, of the Institute, pres- 
ent by invitation. 
The paper by Mr. Wm. Cowles, of New York, on Fire-Boats, 
was discussed only by Messrs. Le Van, and Cole. 
The paper by Mr. Wm. Kent, of New York, “* ls Water Gas an 
Economical Fuel,” was discussed by Messrs. F. W. Taylor, Traut- 


wein, Schuhmann and Towne. 


The paper by Mr. Andrew C. Campbell, of Bridgeport, Conn., — 
was entitled, ‘A New Conicograph,’ and he exhibited one of the | 
instruments and its work and method of operation. Messrs. 
Couch, Kent, Sanguinetti, Henning, Webb, and Le Van spoke 
in the discussion, and also by invitation Professors MacCord 
and Wood of the Institute. 

The topical query as to the practical value of the sand-blast 
process for sharpening files was then taken up and discussed by 
Messrs. 8S. T’. Williams (who exhibited a file of which part had 
been treated and part had not), Towne, F. W. Taylor, Webb, 
Oberlin Smith, Doane, and Babcock, and Mr. Chas. N. Trump 
spoke by invitation. 

An invitation to the Society to visit the warerooms of the Edi- 
ison Electric Lighting Co. was received and responded to by tele- 
gram with thanks. 

President Morton, of the Stevens Institute, had invited the mem- 
bers to a reception and lunch, which were much enjoyed by all 
present. An opportunity was given after lunch to visit the 
mechanical laboratories and shops of the Institute while the 
classes were at work there. Much of interest was going on, 


and the afternoon session did not come to order till three © 


o'clock. 
The paper of Mr. Thomas D. West, of Cleveland, entitled 
“ Casting Aluminium Bronze and Other Strong Metals,” was pre- 
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sented, and was discussed by Messrs. Le Van, T. R. Morgan, © 
Oberlin Smith Dodge, and Hill. 

Thereupon che remaining topical queries were taken up, and 
filled the time up to the hour of adjournment. Messrs. West and 
Sanguinetti spoke on the query as to corrosion of aluminium — 
bronze ; Messrs. Wolff, Towne, Kerr, Giddings, Cole, and Le Van — 
spoke of the reasons for preferring injectors or pumps for feeding: 


boilers; Messrs. Dodge, A. H. Emery, Henning, and Towne dis- — 
cussed the best way to build annealing furnaces for small gray 


iron castings ; on the matter of the best way to separate grit from — 


grinding rooms and prevent its dissemination in yards and shops, _ 


Messrs. Dodge, Giddings, Partridge, and Towne spoke. 
Messrs. Oberlin Smith, Webb, Partridge, Weightman, Babcock, 7 
Herman, Le Van, A. H. Emery, Webber, C. T. Porter, and Camp- 
bell gave their experience as to the expanding and contracting _ 
of drawing boards and paper, and the prevention of annoyance © 
from it. 
Messrs. Herman, Oberlin Smith, and Sanguinetti spoke of 
methods of cutting templets from very thin metal, and Mr. W. R. 
Jenkins had sent in a written reply to the question why an oil- 


well pump sucker-rod is prevented from unscrewing at the sockets 
by giving a twist to the rods. This was the last of the topical 


discussions. 


The Chairman then called for the report of the committees on 
resolutions. Their reports were presented as follows : 


Resolved, That the cordial thanks of this Society are tendered to the Pennsyl- 
vania Railroad for courtesies extended during the present session of this Society. 

Resolved, 'That we tender our thanks to Messrs, Cooper, Hewitt & Co., for the | 
invitation to visit their works at Trenton, and for entertainment and courtesies | 
received on that occasion, 

Resolved, That the thanks of this Society are due to Edward Weston, Watts, 
Campbell & Co., Hewes & Phillips, U. 8. Elec. um. Co., Clark Thread Co., 
Benj. Atha Steel Works, Howell Morocco Works, and others, of the city of 
Newark, for the opportunity of visiting the several important and interesting 
establishments owned or controlled by them, and for the exceedingly hospitable | 
entertainment provided on the recent visit of this Society to that enterprising city. 

Resolved, That the thanks of the Society be cordially extended to Capt. Henry 
Brewerton, United States Army, in command at Bedlow’s Island, for facilities 
afforded on the occasion of our visit to the island, and for the opportunity of — 
inspecting the Statue of Liberty. 


Resolved, That the Society extends its thanks to the Board of Managers of the 
American Institute Fair, for their kind and highly appreciated invitation to ‘ad 


that very interesting and instructive exhibition of arts, manufactures, and — 
mechanism, and for courtesies on that occasion. 
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Resolved, That this Society tender its hearty thanks to President Morton, the 
faculty and trustees of Stevens Institute of Technology, for the highly appre- 
ciated attention in inviting this Society to hold two of its sessions at Stevens Insti- - 
tute, and for their courtesy in exhibiting and explaining the abundant resources _ oe. 
of the institution under their charge. ar 3 

Resolved, That the cordial and hearty thanks of this Society are hereby ex- | ‘é 
tended to Dr. Henry Morton, President of the Stevens Institute of Technology, 
for his generous hospitality during the recent visit of the Society to the institu- 
tion over which he presides. 

Resolved, That we collectively and individually extend our thanks to our local 
committee, and especially to Messrs. Wiley & Crouthers and Hutton, for their | 
admirable arrangements for the entertainment of the Society, and that we heartily 
appreciate the exceptionally successful manner in which these arrangemerts 
have been carried out. 

Resolved, That the Secretary be instructed to send copies of these resolutions 
to the persons mentioned. 


Messrs. Babcock and Partridge, the special committee to pre- 
pare resolutions of thanks to Mr. 8. W. Baldwin for his gift to the — 
Society of the scientific apparatus formerly belonging to the late — 
John C. Hoadley, reported as follows: 7 


Whereas, Mr. 8. W. Baldwin has presented to the Society the technical ap-— 
paratus formerly belonging to, and much of which was original with our late | 
lamented member, Mr. J. C. Hoadley ; therefore, 

Resolved, That the thanks of this Society be tendered to Mr. Baldwin for his a 
generous and thoughtful gift, through which this Society comes in possession se 
of so valuable a collection. : 

Resolved, That the Secretary be instructed to have these resolutions engrossed f, # 
and presented to Mr. Baldwin as a token of our appreciation of his act. 1< 


The Committee also presented the following resolution, just a 
the hour for adjournment had arrived : a 


Resolved, That the thanks of the Society be tendered to Mr. Henry R. Towne 
for the able and faithful manner in which he has performed the duties of acting 
president during the sessions of the present meeting and throughout the illness 
of President Coleman Sellers. 


The question on this motion was put President-elect Babcock, 
and Mr. Towne replied as follows from the chair: 


The Chairman.—\ appreciate very warmly indeed the compli- 
ment you have paid me, and am glad if anything 1 have done 
during the year has been of service to the interests of the Society. 

During the two years that I have been in the Council, as one of 
the vice-presidents, it has been a pleasant thing to see that the 
Society has advanced and grown in many ways, and is now in 
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very much better condition than it was two years ago, particu- _ 
larly in the quality of its work. I think that the last volume the — 
Society issued is the best volume of its kind, and contains more — 
material of value to the engineer than any other that I know of 
as embodying the transactions of a Society of this kind. . 
Two matters in particular have interested me during the year, 
and it is a pleasure to me that in each of them I have been able _ 
in a small way to contribute to the good work of the Society. 
One of them came up a year ago, at our meeting in Boston, where 
it seemed to me that a great deal of the time of the Society was 
taken up in listening to the reading of papers (which might have 
been prepared in advance), thereby limiting the discussion on 
them, which was often interesting and valuable, and which in that 
case was very much curtailed. Conferring with Prof. Hutton, 
our Secretary, about it, I found that our views coincided. The 
matter was brought to the notice of the Council, and a committee 
was appointed, consisting of Prof. Hutton and myself, the result 
of whose work was the drafting of the new rules, which were first 
put into effect at Chicago, and which have been continued here. 
The members of the Society at the Chicago meeting expressed by 
a vote their approval of these rules, and requested that in the 
future the presiding officers of the meetings should enforce the 
rules strictly. The fundamental idea of thus limiting the time 
allowed to each paper and to each speaker is fair play ; that the 
first paper on the list shall have no greater privileges than the last. 
The other matter to which I refer was introduced by the paper 
I read at Chicago, in which I modestly ventured to suggest that 
the Society might annex another subject to its discussions, bring- 
ing in industrial or economie questions. I had no thought then 
that such a proposition would be entertained except as a side 
issue, a matter which those of the members who took interest in 
such things could promote by attending a supplemental session. 
The proposition was received favorably in one sense and unfavor- 
ably in the other. The idea of introducing such matters in our 
discussions was accepted. The idea of relegating them to an 
annex or sub-section was negatived emphatically, ad it was voted 
that such subjects should be introduced and made part of our 
regular transactions. 


We have had some test of this policy in our present meeting, 
and it seems to be the sentiment of the members generally that 
the Society is fully justified in taking up the discussion of such 
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allied I may add that it is more appropriate for this Society 
to consider such matters than any other of the engineering socie- 
ties. We have in our membership, much more than have the 
Civil Engineers or the Mining Engineers, men who are managers 
of labor, who are either owners or representatives of owners, and 
who therefore control capital. 
men, and men having no direct responsibility for the management 
_ of others, in this Society than in either of the other engineering 


There are fewer purely professional 


- ieties. These economic questions come nearer to us, therefore, 


and to a larger number of our members, and in my judgment they 


“ean most properly be considered, to a reasonable extent, germane 
_ to the interests and duties of a large proportion of our membership. 

Again thanking you for the compliment you have just tendered 
I hope that the Society’s 
has during 


I repeat my appreciation of it. 
work will continue to grow in the future as well as it 


the past year. 


The meeting then adjourned. 


Day, Fripay, Decemper 3p. 


® A special train on the Pennsylvania Railroad conveyed the 
: members on an excursion to Trenton, N. J., 
Hewitt & Co. 
siding to the lower mill, where large beams are rolled, and a visit 
Returning to the wire-mill, a lunch 

was spread by the hosts in one of the buildings, and after it the 
-wire-mill with its belted Corliss engine running trains on contin- 
nous wire rods, and the other features of the manufacture were 
examined. A visit to one of the potteries was also made in the 
afternoon, and by some to the Phoenix works upon the river. The 

train brought a large number back to New York, while numbers 
went directly West from Trenton. 


where they were the 


guests of Messrs, Cooper, The cars were run on a 


was paid to the bridge-shop. 
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— REPORT OF THE COMMITTEE ON STANDARD PIPE — 
AND) PIPE THREADS, 


_ ~~ OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 


Submitted at the Seventh Annual Meeting, held in New York City, November — 


29 to December 3, 1886. 7 


[Nore.—This report is the one referred to on page 19 of the Proceedings. 
The importance of the matter of which it treats has induced the Publication — 
Committee to order it issued as a separate paper contributed to the Society. 

The report was as follows :] 


GENTLEMEN: Your committee to whom was referred the con- 
sideration of a standard for pipe and pipe threads, have the 
honor to present the following report : 

At a meeting of your committee held in Hartford, February 
23, 1886, the request embodied in the following circular letter to 
the manufacturers of wrought-iron pipe in the United States was 
decided upon, and the letter was issued April 21, 1886, addressed 


to each of the companies composing the above association : 

“At the Sixth Annual Meeting of the American Society of | 
Mechanical Engineers, held in Boston, in November, 1885, a 
committee was appointed by the president, to confer with manu- 
facturers of pipe, pipe dies, and pipe fittings, with a view of — 
bringing about a uniformity in the sizes cf pipe and pipe threads, 
and of maintaining it by the use of gauges which shall definitely 
represent standard sizes. 

“A meeting of this committee was held in Hartford, February 
23, 1886. 

“The opinion of this committee is that the Briggs standard, 
which nearly all, if not all, of the pipe manufacturers once adopted, 
is the proper standard to be adhered to, and that it only requires 
definite co-operation on the part of pipe manufacturers with the 
committee, in order to bring their product strictly to that stand-— 
ard, and to adopt means of strictly adhering to it within practi- 
cal limits. 
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“A copy of the minutes of the Boston meeting referred to is 
herewith mailed you, in which will be found the report of the 
discussion and subsequent recorded appointment of the com- 
mittee. There is also sent you a copy of the paper upon this 
subject, which was read at that time before the Society, together 
with the report of the discussion which followed its reading. 

“The committee request that the pipe manufacturers give this | 
matter consideration, and would suggest that they appoint a 9 
committee to confer with them, with a view of bringing about — 
the desired result, and to notify the secretary as to the date — 
when this meeting may be held. 

“Will you please give your individual aid in having such a © 
committee appointed ? 


. “ An early answer will oblige, 4 
“ Yours very truly, » 


(Signed) “GeO. M. Bonn, Secretary. 
Frederick Grinnell, Chairman. 


George Schuhmann. 
Wm. J. Baldwin. 

B. H. Warren. 
Geo. M. Bond, Secretary. 


HARTFORD, CONN., April 21, 1886.” 


There was also issued a circular letter to each of the members _ 
of the Associated Manufacturers of Cast and Malleable Iron and 
Brass Fittings in the United States. This letter was dated April 


28, 1886, and is as follows : 
“The enclosed communication, which has been sent to each of 
the pipe manufacturers, will explain itself. 
“A copy of extract from minutes of the proceedings is also 


enclosed. 

“We will be pleased to have your views upon the subject for 
our guidance in conferring with the proposed committee of pipe 
manufacturers. 

“Yours very truly, 
(Signed) “Gro. M. Bonn, Secretary.” 


. As stated in the preliminary report of your committee, sub- 
mitted at the meeting of this Society, held in Chicago, May, 
— -1886,* a committee was appointed by the Manufacturers of 


* Vol. VIL. Transactions A. 8. M. E., p. 414. 
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Wrought Iron Pipe and Boiler Tubes in the United States, at 
their meeting held in Philadelphia, May 12, 1886, the members 
of which committee, as at that time given, being : 

Mr. L. W. Shalleross, Chairman, representing Messrs. Morris, 
Tasker & Co., Limited, of Philadelphia. 

Mr. J. H. Flager, representing The National Tube Works Co., 
of McKeesport, Pa. 

Mr. L. J. Piers, representing The Allison Manufacturing Co., 
Philadelphia, and 

Mr. Jas. H. Murdock, of Pittsburgh, Secretary to the com-— 

mittee. 

The action taken by the Cast Iron Fittings Association is also 
here given : 

“At. a meeting of the Cast Iron Fittings Association, held in 
New York, May 19, 1886, the following resolution was unani- 
mously adopted : 


‘«* Resolved, That a committee of five (5) be appointed to take into considera- 
tion the matter of a standard gauge of thread.’ 


“ The following gentlemen were named as such committee : 
“Mr. R. T. Crane, President Crane Bros. Manufacturing Co., 


Chicago, Ill. 

“Mr. C. C. Walworth, President Walworth Manufacturing Co., | 
Boston, Mass. 

“Mr. E. G. Burnham, Vice-President The Eaton, Cole & Burn- 
ham Co., Bridgeport, Conn. 

“Mr. Charles Jarecki, President Jarecki Manufacturing Co., 
Erie, Pa. 

“Mr. Carleton W. Nason, President Nason Manufacturing Co., 
New York City.” 

The action taken by the Manufacturers of Brass and Iron, 
Steam, Gas and Water Work of the United States, at a meeting of 
their Association, held in Pittsburgh, May 11, 12 and 13, 1886, os 
was that the following resolution was unanimously carried : 


** Resolved, That this association favors the establishment of a universal 
wrought-iron pipe gauge, to be used as a standard throughout the United States, 
and that any action taken by the manufacturers of wrought-iron pipe to 7 
complish this object shall have our hearty co-operation.”’ 
Soon after this preliminary report was submitted at the meet-_ 
ing of the Society in Chicago in May, a joint conference of the — 
committee appointed by the manufacturers of wrought-iron pipe, — 
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and your committee, was held at the Fifth Avenue Hotel, } . 
York, June 17, 1886. The result of this conference is clearly 
stated in the official notification issued by Mr. L. W. Shalle ross, 
chairman of the conference, and which is here given : " 


“ New York, June 17, 1886. 


- “At a meeting of the Standard Pipe and Pipe-Thread Com- 
mittee of the Manufacturers of Wrought Iron and Boiler ‘Tubes in 
the United States, held at the Fifth Avenue Hotel, this d: ay, 
Thursday, June 17, 1886, at 11 o’clock a. — a 

L.-W. Shalleross in the chair. 
Jas. H. Murdock, Secretary. as 

Morris, Tasker & Co., Limited........ = W. Shallieross. 

National Tube Works Co ............ J. H. Flagler. 

The Allison Manufacturing Co........L. J. Piers. 

* Also, present in conference, members of the Standard Pipe-_ 
Thread Committee of the American Society of Mechanical En- | 
gineers, as follows : 

“ Frederick Grinnell, Chairman of Committee, President Provi- — 

dence Steam and Gas Pipe Co., Providence, R. I. te 

“Geo. M. Bond, Secretary of Committee, of The Pratt «& Whit- 
ney Co., Hartford, Conn. 

“Geo. Schuhmann, of the Reading Iron Works, Reading, Pa. 

“Wn. J. Baldwin, 96 Fulton Street, New York, Steam Heating 
Engineer. 

“On motion of Mr. Flagler, seconded by Mr. Piers, that each 
manufacturer send to The Pratt & Whitney Co., Hartford, Conn., 
sample pieces of their pipe from (6) six inches diameter down, 
threaded on one end, to be tested by The Pratt & Whitney Co., 
with the Briggs standard, and a report to be made by them to 


7& 


each manufacturer of the state of his gauges only, as compared 
with the Briggs standard. 
: “ And the Secretary be hereby instructed to notify the manufae- 
turers, and request them to comply with this resolution without 
delay, so that action can be taken at the meeting of July 20th, 
proximo. 
“ Unanimously carried. 
“On motion, adjourned to meet at the call of the Chairman. 
“ Attest—Jas. H. Murpock, L. W. SHALLCROss, 
Secretary to Committee. a. 


an 


~ REPORT OF COMMITTEE ON STANDARD PIPE AND PIPE THREADS. 33 


In accordance with the foregoing request, there were received _ 
by The Pratt & Whitney Co., for the required test, samples of — 
pipe with threads cut on one end, which your committee has — 
every reason to believe represented the average sizes of pipe and — 
pipe threads, as ordinarily manufactured. 
Samples were received from the following manufacturers of 
wrought-iron pipe, members of the association. 


Messrs. The National Tube Works Co., McKeesport. Aen! 
* Reading Iron Works, Reading. ee 
“A. M. Byers & Co., Pittsburgh. 
Spang, Chalfant & Co., Pittsburgh. 


American Tube and Iron Company, Middletown, Pa. 
Conshohocken Tube Co., Conshohocken. 


* Crane Bros. Manufacturing Co., Chicago. 44] 
Morris, Tasker & Co., Limited, Philadelphia. 
4 Fieldhouse, Dutcher & Belden, Chicago. se 


The Allison Manufacturing Co., Philadelphia. — 
Jas. Hooven & Son, Norristown, Pa. 
Delaware Iron Co., New Castle, Del. 
The Pittsburgh Tube Company, their new works not being at 
the time in operation, stated that their sizes would in general 
conform to those sent by the American Tube and Iron Co. 


The examination and test of these sample pieces of threaded 
pipe, was not made until August 23 and 24, 1886, owing to the 
late arrival of several sets necessary to complete the list. After 
having had the set of Briggs standard reference gauges critically _ 
verified by The Pratt & Whitney Co., the test was conducted _ 
under the conditions of confidence which was accepted by your © 
committee, the secretary only to have personal knowledge of 
each manufacturer’s variation. The results were collected, and 
were arranged in tabulated form, each column being headed with 
a special number, which referred to the manufacturer there repre- 
sented. 

This tabulated report, with general deductions appended, was 
submitted to the Pipe Manufacturers’ Association at their regular 
Convention held at the Continental Hotel, Philadelphia, August 
25, 1886, and soon after, reports to manufacturers individually 
were sent by the secretary of your committee, as requested in the 
resolution adopted at the conference. 

The variation from the Briggs standard, as found to exist un- 
der this test, did not seem to warrant a departure from the orig- 
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inal standard represented by the Briggs gauges, and contirmed 
the opinion of your committee that the Briggs standard could be 
adhered to. 

With the exception of the three-quarters and one inch sizes, but 

- comparatively little change would be required in the dies used by 
the pipe manufacturers in cutting pipe made by them for the 
market. 

Recognizing the interests of the manufacturers of brass and 
cast-iron fittings, a joint conference, appointed by these associ- 
ations and your committee, was called, in order to harmonize all 
interests involved, and to adopt a resolution expressing the sense 
of such a meeting for the consideration of the Pipe Manufacturers’ 
Association. 

This conference was arranged for Monday, October 25, 1886, 
and was held at the Fifth Avenue Hotel, New York, at 11 o'clock 
A.M. of that date. 

There were present at this conference : of the committee repre- 
senting the Wrouglt-Iron Pipe Manufacturers’ Associatiou, Mr. 
J. H. Flagler, of the National Tube Works Co.; Mr. L. W. Shall- 
cross, chairman of the conference : of the committee appointed by 
the Cast-Iron Fittings Association, Mr. Carleton W. Nason, Presi- 
dent of Nason Manufacturing Co., New York, representing also Mr. 
Jarecki, President of The Jarecki Manufacturing Co., Erie, Pa. 
There was also present, representing this Association, Mr. W. H. 
Douglas, Corresponding Secretary. Also there were present, rep- 
resenting the Manufacturers’ Association of Brass and Iron, Steam, 
Gas and Water Work of the United States, Mr. S. L. Morison, 
Secretary of the Association. Of your committee there were pres- 
ent, Mr. William J. Baldwin, and George M. Bond, secretary of 
the conference. Letters were read by Mr. Carleton W. Nason | 
from Mr. R. T. Crane, Chicago, and Mr. C. C. Walworth, of Boston, 
members of their committee, who were unable to attend, stating 
their position in the matter. After considerable discussion the 
following resolution was unanimously carried : 

‘That it is the sense of this meeting that a common standard be adopted, and 
that action should proceed first from the Pipe Manufacturers, and for that reason 


we recommend that it should be particularly brought to their attention at the 
meeting to be held in Pittsburgh this week.” - 


The meeting of the Pipe Manufacturers’ Association just re- 


ferred to was held at the Monongahela House, Pittsbur gh, Octo- 
ber 27, 1886. - 
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The official notification received by your committee of the 


action taken by the pipe manufacturers at this meeting, is sine 
given 


“Grorce M. Bonn, Esg., 
“ Sec’'y Committee Standard Pipe and Pipe Threads, 7 
“* American Society Mechanical Engineers, 
Hartford, Conn. 

“Dear Sir:—At a meeting of the Manufacturers of Wrought-— 
Iron Pipe and Boiler Tubes in the United States, held at the Mo-— 
nongahela House, Pittsburgh, October 27, 1886, it was resolved that 
the Wrought-Iron Pipe Manufacturers of the United States hereby 
adopt the Briggs standard of gauges, and that where any manu- 


jh 


facturer has from any cause got away from that standard, they be 
requested to get such corrections made as soon as possible, so as 
to conform to the Briggs standard. _ 
“ Yours truly, 
(Signed) “James H. Murpock, 
Manufacturers Wrought-Lron Pipe and Boiler 
“ Tubes in the United States. 
PrrrspurGH, November 4, 1886.” 


Your committee has notified officially of the above action of the 
Pipe Manufacturers’ Association, Mr. W. H. Douglas, Correspond- 
ing Secretary Cast-Iron Fittings Association, New York ; Mr. 8. L. 
Morison, Secretary Brass Fittings Association, New York, and 
Mr. John Maneely, Corresponding Secretary Malleable Iron As- 
sociation, Philadelphia, in the following letter, which was mailed 
to each from Pittsburgh, November 4: 


“Tt is gratifying to me to advise you that at a meeting of the 
Manufacturers of Wrought-lron Pipe and Boiler Tubes in the 
United States, held at the Monongahela House, Pittsburgh, Octo- 
ber 27, 1886, it was resolved ‘that the Wrought-Iron Pipe Manu- 
facturers of the United States hereby adopt the Briggs standard 
of gauges, and that where any manufacturer has, from any cause, 
got away from that standard,'they be requested to get such cor- 
rections as soon as possible, so as to conform to the Briggs 
standard.’ 


“Yours truly, 
(Signed) “Geo. M. Bonn, Sec’y 


“Committee Standard Pipe and Pipe Threads, 
“ American Society Mech. Engineers.” 


- 
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In concluding this report, your committee wish to express their 
appreciation of the assistance kindly rendered by Mr. J. H. Mur- 
~ dock, Secretary Manufacturers Wrought-Iron Pipe and Boiler 
Tubes in the United States; Mr. 8. L. Morison, Secretary of the 
Association of Brass and Iron Fittings Manufacturers of the 


- different manufacturers of wrought-iron pipe, cast-iron, and brass 


fittings, and who in many ways greatly facilitated the work of your 
committee. Respectfully submitted, 
FREDERICK GRINNELL, Chairman. 
GEO. M. Bonn, Secretary. 
GEORGE SCHUHMANN. 
B. H. Warren. 
Wma. J. BaLpwin. 
NEw York, November 30, 1886. 


ADDENDA. 


The: following communication, received subsequently to the 


tee officially the resolution adopted by the Manufacturers’ Associa- 

tion of -Brass and Iron, Steam, Gas and Water Work, sustaining 

_ the action of the Manufacturers of Wrought-Iron Pipe, is here- 
presented : 


“MANUFACTURERS’ ASSOCIATION 


BRASS AND IRON, STEAM, GAS AND WATER WORK, 
79 IN Sr., New YORK, cember 15, 1886. 

“ GrorGe M. Bonn, Secretary Committee 

* Standard Pipe and Pipe Threads, 


“ American Society Mechanical Engineers, 

“ Care of Pratt & Whitney Co., 

Hartford, Conn. 

“ Dear Sut :—At a meeting of the Manufacturers’ Association 
of Brass and Iron, Steam, Gas and Water Work, held at the Fifth 
Avenue Hotel, New York, on December 8th, 1886, the following 
resolutions were unanimously adopted : 


“<«That the action of the Wrought-Iron Pipe Association, in adopting the Briggs 
Standard as the Standard Iron Pipe Gauge of the United States, be indorsed, and 
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of the Cast-Iron Fittings Association, in furnishing lists of the _ 
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that as Manufacturers of Brass and Iron, Steam, Gas and Water Work we will 
act in conformity with the resolution adopted by them; and that as a measure of 
safety to ourselves, in order to avoid any difficulty with our customers at any 
time, that the Secretary of this Association be authorized to correspond with the 
Secretaries of the Wrought-Iron Pipe, Cast-Iron Fittings and Malleable Fittings 
Associations, and, if acceptable to them, that an order be given by these Asso- 
ciations to The Pratt & Whitney Co., Hartford, Conn., for one set of Standard 
Gauges, and that such set of Gauges be presented to the American Society of 
Mechanical Engineers as a matter of reference for all our united members, to be 
held by them in case of any dispute arising as to whether the members of these 
Associations are manufacturing to the standard or not. 

*** Resolved, That the thanks of this Association are due to Mr. Bond for his en- 
lightened, gentlemanly and courteous manner in presenting this matter for our 
attention.’ 


“ Yours truly, 
(Signed) “S. L. Morison, Secretary.” 


For comprehensive information regarding the subject of stand- 
ard pipe and pipe threads, as applied in American practice, your 
Committee would refer all who may be interested, to the Excerpt 
Minutes of Proceedings of the Institution of Civil Engineers of 
Great Britain, vol. Ixxi., Session 1882-83, Part I. containing the 
paper of the late Robert Briggs, C. E., presented and read after 
his death, on “ American Practice in Warming Buildings by 
Steam,” which also includes the discussion which followed. 

Referring specially to the subject your committee has had in 
hand, the following, from the text and tables of the paper of Mr, 
Briggs is here presented, giving completely the data upon whick 
the Briggs standard pipe thread sizes are based. . . 

“The taper employed for the conical tube-ends is uniform 
with all makers of tubes or fittings, namely an inclination of 1 in 
32 to the axis. Custom has established also a particular length 
of screwed end for each different diameter of tube. Tubes of the 
several diameters are kept in stock by manufacturers and mer- 
chants, and form the basis of a regular trade in the apparatus for 
warming by steam. A knowledge of all these particulars is there- 
fore essential for designing apparatus for the purpose. The ruling 
dimension in wrought-iron tube work is the external diameter of 
certain nominal sizes, which are designated roughly according to 
their internal diameter. These nominal sizes were mainly estab- 
lished in the English tube trade between 1820 and 1840, and cer- 
tain pitches of screw-thread were then adopted for them, the 
coarseness of the pitch varying roughly with the diameter, but in 
an arbitrary way utterly devoid of regularity. The length of the 
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screwed portion on the tube end varies with the external diameter 
of the tube according to an arbitrary rule-of-thumb; whence re- 
sults, for each size of tube, a certain minimum thickness of metal 
at the outer extremity of the tapering screwed tube-end. It is 
the determination of this minimum thickness of metal, for the 
tapering screwed end of a wrought-iron tube, which constitutes the 
question of mechanical interest. 

“A longitudinal section of the tapering tube-end, with the 
screw-thread as actually formed, is shown full size in Fig. 105 
for a nominal 2, inch tube, that is, a tube of about 2) inches in- 
ternal diameter, and 27 inches actual external diameter. 

‘The thread employed has an angle of 60°; it is slightly 
rounded off both at the top and at the bottom, so that the height 
or depth of the thread, instead of being exactly equal to the pitch 


is only four-fifths of the pitch, or equal to 0.8 -, if x be the num- 


Fig. 105. 
~ (Thread of 2}inch tube. Fullsize) 


100” 

40. 

4 threads 2 thr, Complete thread. 

tmperfect, | full at! 
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ber of threads per inch. For the length of tube-end throughout 
which the screw-threal continues perfect, the empirical formula 


1 ; 
used is (0.8 D+ 4.8) x -, where D is the actual external diameter 


of the tube throughout its parallel length, and is expressed in 
inches. Further back, beyond the perfect threads, come two 
having the same taper at the bottom, but imperfect at the top. 
The remaining imperfect portion of the screw-thread, furthest 
back from the extremity of the tube, is not essential in any way 
to this system of joint; and its imperfection is simply incidental 
to the process of cutting the thread at a single operation. From 
the foregoing it follows that, at the very extremity of the tube, the 
diameter at the bottom of the thread, 


DL 


n 


The thickness of iron below the bottom of the thread, at the tube 


. 


J 
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extremity, is empirically taken to be = 0.0175 D + 0.025. Hence 
the actual internal diameter d of any tube is found to be, in inches, 


D +0085), 


d= D — (0.05 D + 1.9) x 1 —? (O.OL75 
i 


— 0.05. 


d — 0.965 D — 0.05 — — 
n n 


For the 
nominal internal diameter, with their corresponding numbers s of 
screw-threads per inch, the actual internal diameter d is expressed 
by the following Table I. 
dD. 


various sizes of tubes, ranging from | inch to 10 inches” 


in terms of the actual external diameter 


"TABLE 


DIAMETERS OF WROUGHT-IRON WELDED TUBES. 
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Nominal Internal 


Diameter of Tube. | 


Inc 


Number of Screw 
threads per inch. 


Actual Internal Diameter din Terms of Actual External 


Diameter 


Inches. 


0.9631 D — 0.1204 


0.9622 D — 0.1556 
0.9614 D — 0.1857 
0.9607 D — 0. pot 
0.9587 D — 0.2875 


ad 

14,14 and 2 d 
24 to 10 d- 


“The figures derived from this statement, which are of impor- 
tance for practical use, are presented in detail in the accompany- 
ing ‘Table II. in a convenient order for reference. 

“The number of screw-threads per inch for the several sizes of 
It is the work- 
man’s approximation to the pitch practically desirable, and much 
reluctance must consequently be felt in 


tubes is here accepted from customary usage. 


calling it in question. 
Still it would have been better to investigate the general case 
upon the basis of a pitch ranging in closer 
range of tube diameter. Thus the nominal }-inch tubes might 
have had 16 threads per inch ; } inch, 14 threads; 1 and 1} inch, 
12 threads; 1} and 2 inches, 11 threads; 23 to 3} inches, 10 
threads ; 4 to 6 inches, 8 threads ; 7 to 9 inches, 7 threads ; and 10 
inches, not more than 6 threads per inch. The existing numbers 
of threads however, as given in Tables I. and II., are now too well 
established to be disturbed ; 
any statement of present practice. 


accordance with the 


at all events they must be taken in — 
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TABLE IL. 


DISCUSSION. 


mittee have ascertained what the condition of 
how near the Briggs standard conforms to it. 


whether the brass valve manufacturers in this 


particularly the valve manufacturers. 


both of brass and iron. 


PIPE THREADS, 


STANDARD DIMENSIONS OF WROUGHT-IRON WELDED TUBES, 


SCREWED ENDs&. 


Number of Length of 
Threads per, Perfect 
Inch. Screw, 


DIAMETER OF TUBE. 
j THICKNESS OF 
METAL. 
—— Actual Inside. | Actual Outside. 

Inches, | Inches. | Inches Inch. | No. Inch 
| 0).270 0.405 0.068 | 27 0.19 
0.364 0.540 0.088 18 0.29 
| 0.494 0.675 0.091 18 0.30 
0.62% 0.840 0.109 14 0.39 
| 0.824 1.050 0.11% 14 0.40 
1.048 1.315 0.134 114 0.51 
B80 1.660 0.140 114 0.54 
a 1.610 1.900 0.145 114 0.55 
2 | 2.067 2.375 0.154 114 0.58 - 
23 | 2.468 2.875 0.204 8 0.89 
3 3.067 3.500 0.217 8 0.95 
34 3.548 4.000 0.226 8 1.00 
4 4.026 4.500 0.237 | 8 1.05 
4} 4.508 5.000 0.246 8 1.10 
5 5.045 5.563 0.259 S 1.16 
6 6.065 6.625 0.280 S 1.26 
7 7.023 7.625 0.301 s 1.36 
be 8.982 8.625 0.322 8 1.46 
9 9.000 9.688 0.344 s 1.57 
10 10.019 10.750 0.366 ' Ss 1.68 


Taper of conical tube-ends, 1 in 32 to axis of tube. 


Mr. Oberlin Smith.—I1 want to ask Mr. Bond whether the com- 


pipe threads is in 


England—whether there is any general standard in use there, and 


I also want to ask 
country have been 


generally approached on this subject. The report speaks of the 
cast-iron fittings men and the pipe men. It does not mention 


Mr. Bond,—I can say, in answer to Mr. Smith, that the second 
circular letter referred to in the report which was addressed to 
the fittings manufacturers, included the names on the list received 
from Mr. 8. L. Morison, Secretary of the Fittings Manufacturers’ 
Association, and embraced nearly all the manufacturers of valves 
and fittings. There were over seventy firms and 


corporations 
represented, and quite a number of them were v valve manufacturers, 


| 
£0 
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In regard to the first question, Professor Hutton handed me a 
letter last evening which is of interest to our society and our com- 
mittee, which refers to this very subject, from Dr. Chaney, Super- 
intendent of the Standards in the Bureau of Weights and Meas- 
ures of Great Britain. The letter speaks of the very unsatisfac- 
tory condition of the pipe-thread standards of that country, and 
inquires in detail about what the Society is doing, in the hope— 
that they may be helped in a similar effort in England and its 
colonies. So that it would seem there is a tendency to make an— 
effort to adopt some uniform standard which is probably not in- 
existence there at the present time. Our committee has not 
undertaken to correspond with English manufacturers or to have 
anything to do with the English standard, because their standard ‘ 
is different from ours. The threads are cut straight and are dif-— 
ferent in pitch. All the work we had in hand was the pipe made _ 
or used in the United States. 

fr. Wm. Kent.—I think the committee deserve the thanks of the . 
Society for the admirable manner in which they have conducted 
their duties, and for the presentation of their report, which will | 
no doubt fix the question of standard threads for some time. 


it concerns this country. 
send some machinery to a part of the British dominions, in Aus- 


one end, leaving the other end to be cut to suit the fittings which _ 
would be found there. It occurs to me that it would be well for » 
this Society to communicate with the sister societies in Great 
Britain, and to see about arranging for a uniform standard for all 

parts of the world. It seems to me that is a practicable thing 

and very desirable. 

Mr. Oberlin Smith—My. Stirling’s ideas coincide with mine_ 
entirely. Are we so committed to this Briggs standard as to 
have actually recommended it to the manufacturers ? 

The Chairman.—lt is the other way; I think they have 
adopted it. 

Mr. Bond.—Your committee recommended the adoption of the 

sriges standard. There is no doubt at all about the advisability, — 
if it were possible to do so, of changing the pitches of the thread, 
because the two-inch pipe is eleven and one-half threads to the 
inch, while the next size larger is much coarser, being eight — 
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threads to the inch; so that with the thickness of pipe, as now A 
made, it has a tendency to weaken the joint at that point. There 
is no doubt that at the time when the Briggs standard was 

carried out by Mr. Briggs himself, the iron for pipe was made _ 
of a heavier gauge; there was greater thickness of metal, and it : 


| | 
would stand a deeper thread. But the process of m: anfactare 
now is so much improved that strong pipe is made without re- 
quiring it to be so thick, and of course, if too thin, eight thre: ads 
to the inch cuts pretty deeply into the pipe. If your committee 
had undertaken to make any change in the pitches of the thread — 
we would have met with an opposition that would have defeated 
everything for which we were working. Your committee took 


the ground that if the original Briggs standard thread could be- 


adopted in the original pitches, and have the sizes made = 


to gauges, so that they would be practically interchangeable, with 
the allowance of a variation of one turn either way, which i 
certainly close enough for interchangeability, the whole matter 
would be practically reme died. In the test made, the large 
sizes and some of the smaller sizes exhibited a variation quite 
enough to throw out the Briggs standard ; but at the same time, 
the average showed conclusively that it was to the interest of the 
different manufacturers to work to some definite standard, and as 
the Briggs standard covered the ground so completely your com- 
mittee advocated its re-adoption. The only way to carry out this 
system, of course, is to work to gauges which are truly represent- 
ative of the Briggs standard thread. 

Mr. Smith.—It is very desirable that there should be a com- 
mon standard all over the world. Ido not know what is done 
in France and Germany ; but even if we could coincide with Eng- 
land, it would be a good thing. It may be they will adopt the 
Briggs standard after we get it going ; perhaps it is the best thing 
this Society can do to recommend this standard, although if it is 
going to keep back an international standard, I would be sorry. 

Mr. G. L. Fowler.—1 would like to ask if that standard includes 
the tube-casing such as is used in salt wells and oil wells. We 
have had a good deal of trouble in connection with that. 

Mr. Bond.—I would say that our tests did not include casing 
for either salt or oil wells. There was one sample received which 
was intended to represent casing for oil wells. It had very much 
finer thread. It was thrown out because it was not included 
under the Briggs standard. I understand that in tube which is 


i 
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used for natural gas and petroleum pipe lines, where the pressure 
is very great, a finer thread is used on the larger pipe, but it is 
finer probably because the necessity for a tight joint is very 
obvious, and the thread of eight to the inch on three or four- 
inch pipe seems to require too much effort to make the joint 
sufficiently tight. The Briggs standard covers the ground for all 
threaded wrought-iron pipe for gas, steam and water work, unless 
i is outside of ordinary practice. 

Mr. A. 2. Wolf.—I just wish to suggest that it might be well if 
this Society would indorse the action of the committee on standard 
pipe and pipe thread in advocating the Briggs standard as the 
proper standard for this class of pipe that Mr. Bond has referred 
to. I would make that resolution if it be in order. 

Mr. Kent.—I rise to protest against any such action. I think 
we established the precedent at the Atlantic City meeting that 
this Society would not indorse anything. As there is no other 
motion before the house, I move that the report of the committee 
be accepted with the thanks of the Society, and ordered printed 
in the transactions. 

The Chairman.—Before putting the question, I would say with 
regard to Mr. Smith’s inquiry, that it is my understanding that 
the matter of standard threads is much more chaotic in England 
than it is here. We are much in advance of them in that re- 
spect, and we have nothing to gain by following in their tracks. 
I think that is partly true of the continent also. It is a great 
pleasure to me personally, also, to see this recognition of the 
work done by my late friend, Mr. Robert Briggs, than whom we 
never had a more conscientious, faithful engineer in the pro- 
fession in this country. 

Mr. Fowler—Would it not be well if the work of the com- 
mittee sheuld include that work of tubing? The engineers who 
have charge of sinking salt wells have great difficulty in that 
way. Manufacturers will send in 4}-inch casing cut with 10 and 
12 threads. The pipe is expanded on one end with the thread 
cut on the inside of the pipe ; the other end is cut with a thread 
which has a taper so that the full thread is not cut at the pipe 
end of the thread. I think it would be a great advantage if en- 
gineers who have charge of that kind of work could know that 
the pipe they ordered would be cut with the right kind of thread 


—the standard thread—and not be obliged to specify it in every 


instance. 
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The Chairman.—I suppose there is no objection to considering 
that a request to the committee. 

Mr. W. H. Doane.—I want to add one word in seconding Mr. 
Kent’s resolution. I think that the members of the Society may 
not appreciate how much of hard and laborious work has been 
expended by this committee, as I have had reason to know myself 
somewhat, and it has moreover been continued through many 
months. Some of the members of the committee, especially, - 
have given a great deal of time, which they could ill afford, and 
I think, sir, if we can establish this uniform system in this coun- 
try it will be a great thing, and when that has been accomplished 
I have no doubt in my own mind that the English people would 
be very glad to follow after us. I rise, sir, to second the motion 
made to adopt this report, with the thanks of the Seciety, and to 
move to continue this committee. They have this matter fully 
in hand, and when their final report is made up, I think it will be 


one that will give satisfaction to every engineer present. 


_ The motion was carried with applause. 
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FRICTION IN TOOTHED 


BY PROF. F. REULEAUX, BERLIN, GERMANY.* 


(Honorary Member of the Society.) 


The following investigation relates to the friction of teeth in 
spur gearing ; but it can readily be adapted to bevel gear as well. 

In a plane section normal to the axes of a pair of spur gears, 
let two curves be moved upon each other. For the least possible 
movement the amount of sliding at the point of contact of the 
curves is equal to the difference ds — ¢/s,,in the space passed over 
by that point on each curve when both of them move in the same 
direction. When they move in opposite directions, it is equal to 
the sum of their paths, 7s + ds,; so that we obtain the general 


expression for the differential ¢y of the amount of sliding, = 


dy =ds+ 


In Figures 1 and 2, 7’ and 7; are the pitch circles, and /’ the 
eurve on which the point of contact will always lie for two teeth 
in gear. A study of the movement shows that whatever be the 
shape of the teeth the profiles will always pass through the com- 
mon point of contact in the same direction, so that here in every 
“ase we have 


With a working pressure (), normal to the common tangent of 


* Translated from the original German by Mr. Wheaton Kunhardt, Engineer 
for the Bower-Barff Rustless Iron Co., of New York, acting in co-operation with 
the Secretary of the Society. The latter would put on record in this way the 
obligation under which the author and the membership have been put by the 
chief translator for the manner in which this work has been done, as a contribu- 
tion to the transactions of the Society. 
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the tooth-profiles, and a coefficient of friction 7, the work of fric- 


tion for a pair of teeth is 
W= [Qf (ds—d 
= 


&). 


This general expression can readily be applied to the different 
kinds of toothed gearing. 


Geometrical Investigation.—In Figure 3, let 7 be the pitch are 
and J) the describing circle with which the profile of a tooth is 
P drawn. Referring to Figure 3, the hurtful work of friction on one 
side of the line of centers OV, is 
7 


and the useful work 


| 
in which 


* 
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, 


Then, for the hurtful work relatively to the useful work, we obtain 


r| Q (ds' — ds,’) ds' — de, 
sina’ 2 |, da’ Qreosa 
Se 


or, if the respective parts of the teeth which slide in contact are 
designated, as in Figure 4, we have, for an are of approach, 


(6) l /9 cos a’ 


and for an are of recess on the other side of the line of centers, 


ye 
vs. 
| 


> and hence, for the total loss: 


W'+ W" 


— for which, by substitution of the values of U’ from equation 4, 
and the corresponding value of 1’, we can also put 


= + 


If the length of the whole are of action measured on the pitch 
circle, on both sides of the line of centers, be denoted in terms of 


the cireular pitch by ¢*—equal to ¢’ + &’—we have from the last 


equation and from Figure 3, since the ares are proportional to the 


at 
p=p + p —, 
é é 


_ Introducing into this equation the values of p' and p” in (6) and 


(7), we have 


27 cosa’ & 27 cos a 


in which 27 cos a’ and 27 cos a” are the chords of the two parts 


; of the curve of contact on either side of the line of centers, OO’ 


* See the author’s Konstrukteur. 
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(see Figures 3 and 6). Designating the whole chord by S, and the 
parts respectively by S’ and S", we have 


rt 


Here : and ~~ are respectively the lineal ratios of the are of ap- 


proach and are of recess to the whole are of action on the pitch 
circle. But as these ares, in epicyeloidal gearing, which we are 
now considering, are of the same length as the corresponding 
parts of the curve of contact on the describing circles, the ratios 
are equally those of the two parts of the curve of contact to the 
whole curve. In formula (%) the value of the bracketed expression 
ean be determined graphically, and when the quantities are found 
the value of p may be expressed in the following rule : 

Find the difference in length between the two tooth-profiles which 
work in contact on the sine side of the line of centers, and divide it 
by the chord of the respegtive curve of contact ; multiply the quotient 
by the ratio between this curve and the whole curve of contact ; add 


the quantities thus found for either side of the line of centers, and 


multiply the sum by the coefficient of friction to obtain the total loss 


of work, a 


In Figure 6 the outside, or tip, circles} A’ and Aj intersect the 


* We have in the above been proceeding on the assumption that only one pair 
of tooth-profiles is in gear at a time, whereas actually each pair is brourht into 


engagement while the preceding pairis still in action. But this is as though we 


had, in Figure 5, for the pressure between the teeth on the curve of contact, 


between points 1 and 2, Q =Q—@ 
and, at the same time, Band 4, Q@°=Q-Q; 
or, taken together, = ; 


and hence our assumed case holds good in practice. To find points 2 and 3, make 
the portions 1-3 and 2-4 of the curve of contact equal to the pitch. 

+ In Brown & Sharpe’s Practical Treatise on Gearing, the tip circle is denomi- 
nated ‘‘addendum circle.” 


Bi. « —). 
te 
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| Fig. 5. 
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curve of contact in the points / and //, and so limit the line of 


10, 
actual contact, which, divided by the circular pitch of the teeth, ?, 
gives the value é in terms of the pitch. Ares described from the 


| 3 
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centers of the pitch circles, O and 0,, with O7 and O// as radii, 
intersect the flanks of the teeth and determine the lengths of s,' 
ands”. The ares /?/ and PJ/, divided by the pitch of the teeth, 
/, give the value of the ares of approach and recess, é’ and ¢” in 
terms of the piteh. 


Analytical Investigation. Retaining the same notation and re- 
ferring to the former figures, we have, from the developments of 
analytical geometry for epicycloidal curves, 


(1 and = 4r (1 - cos 
\ hi 2 
Substituting these values in Equation 6: we 
p 
tr (1- cos 
£ 27 cos a PR, 
or, since 7 cos = 27 sin | 
(- R, + R,r— R, Rr \ 
q@ 


RR, / 


whence, by simple reduction, . 
p 


> = 27 tan 
) J 4 RR; ; 

But as angle y’ is small, we may consider 27 tan Se 


4 4 


J RR, 

Z Denoting the number of teeth in the two wheels in gear by Z 
and Z,, and the circular pitch by ¢, we have 272 = Zt, and from 
Figure 3,7’ = «'t; introducing these two values into the last 
equation, we find 
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and reducing, 


the negative sign within brackets being applied to internal, and 
the positive sign to outside gearing. For the total loss through 


friction we have, as in Equation 8, 


p=p 


é 
or, multiplying the second member by 
” 
é 


From Equation 8 and from the general value p = p' + p’, W 


| 
| pe 


Substituting this in (12), 


‘ie 


: Introducing here the value of p’ from (11) we obtain, finally, 
é~ + 
ee The interpretation of this formula shows that a large value for 
| ee é, that is, a long contact, is, contrary to the practical impression 
7 received at first sight, unfavorable because the value of p in- 
— creases with it; and also that the ratio «: ¢’ exerts an impor- 
rel tant influence. To find a minimum value for p, we have the anal- 
ogous general expression, | 
+ (a — 


Differ entiating : 


| 

ee 
| 
4 
| 
| 
€ 
ri 


FRICTION 


whence, 


or, in this particular case, 


The most favorable case, therefore, will be that in which the con- 
tact is equally divided on either side of the line of centers OO'. 
This proportion has been so closely adhered to in epicycloidal | 


aring for standard wheels of my own design (7 = 4¢, k = 0.34, 
“= 0.41),* that there is no appreciable inaccuracy in calling 
= é' = $e, and then we find for the lost work of friction, — 


Here, too, Z, denotes the number of teeth of the second gear, 


and is taken with the negative sign in cases of internal gearing, aa 


* See the author’s Konstrukteur. Brown & Sharpe, in their treatise on gearing — 


t 
already referred to, make k — ~= 0.518¢, hence somewhat larger. The differ- 


ence is trifling ; the adoption of this value has certain practical merits. 
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showing that in such cases there is less friction than in ordinary 
spur gearing of the same number of teeth. 

The value of € in (15) is readily found by the graphic method, 
but an analytical determination is also possible, as follows : 


The two outside, or tip, circles of a pair of engaging gear-wheels 


always intercept the shorter portions of the curve of contact and 


so determine the lengths of the two ares of actual contact in this 


curve, these being, as above noted, equal in length to the corre- 


sponding ares of approach and recess on the pitch circles, or, in 
Figure 7, PD = PE. But, from the figure, 


Z 
— 
te? 


ATS) exe 


Z 
teeth have radial flanks. Again, to find a value for vy’ we have from 
the triangle O MD, OM 24 MD? — 20'M-MD cos v' = O'1*. 
or 


in which ¢ = = the circular pitch, and 7? = 27, so that the 


os (+ rf + 7? — + 
cos = 


-2Rk 


Rr +7 
Introducing into (17) the values = r= adh £2=11,i = 
27 47 
0.3¢, and substituting in (16) the value of cos gy’ thus found, we 
have, approximately 
2Z +11 27,4 11 /’ 


the negative signs being used when Z, belongs to an internal gear- 
wheel. Formula (18) can very well be approximated for all values 


from Z = 6 upwards, as follows : hi? ow 


a), for spur-wheels, ¢ = 1.246 + 0.00048(Z + Z,). 
b), when Z, refers to an internal gear, ¢ = 1.431 + 0.000487 — 
0.0001 Z,. 

¢), for a rack and pinion gear, = 1.396 + 


= 


| 
— | 
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Z, = 7, the value ¢ = 1.25 > 

1, = ©, = 1,40 

he =— * é = 1.43 
“ e= Ls 


We are now enabled, as in the following examples, to find 
numerical values for the loss, p. 

Evample 1.—Number of tegth, Z = 7 and Z, = 7; coefficient of 
friction 0.15 (introduced here with rather a high value on account 
of the narrowness of the surfaces in contact). We have for this 
case, as above shown, ¢ = 1.25; and hence, from formula (15): 


. 
p = 015 - 3.14 (s + . = = 0.0628 - 3.14 = 0.08419, or 8.4 
\d ‘ 


per cent. 


Z=i%,4,= w(rack). Here ¢ is = 1.40, and p= 


1 1.40 = 
0.15 - 3.14 (>+ 0 = 0.015 - 3.14 = 0.047, or 4.7 per cent. 


E neat 3.—Z = 28, Z, = w, whence ¢ = 1.396 + 0.00048 = 
LAl,and p = 0.15 «3.14 (5. + 0) = 0.0088 - 3.14 = 0.0119, 
or 1.19 per cent. 

Example 4.—Z = 80, Z, = 30. We find ¢ = 1.346 + 0.00048 
(380 + 30) = 1.275, and then p = 0.15 - 3.14 é of. 1) 1.275 = 


50 30. 2 
0.006875 + 3.14 = 0.02, or 2 per cent. 


Example 5.—Z = 30, Z, = — 40 (annular wheel). We find 
= 1.431 + 0.00048 - 30 — 0.0001 - 40 = 1.44, and p = 0.15 -3.14 
1\144_ 

(a 40) 9 = 9.0009 - 3.14 = 0.0028, or 0.28 per cent 


INVOLUTE GEARING. 


Geometrical Investigation —We have here, as in equations (3) 
and (+), for the work of friction and the useful work respectively, 


=/|@ (ds — ds,), and = | VY sin a'dé’, 


In the present case, howey er, « is a constant, so that (7' = 


— 
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But # sin a’A' is the are of recess measured on the root circle 
- r, and hence, from the property of the involute, it is equal to the 
portion # = igure 8, of the curve, or path, of contact, coinciding : 


\ 


_ here with the straight line of pressure BY. Equation (19) there- 


becomes 


similarly, 


i These expressions correspond with formule (6) and (7)—the 
chords of the curve of contact, 27 cos a’ and 27 cos a”, of the 
former case being identical, in the latter, with the line of contact 

itself. But again, as in Equation 8, 


Substituting in this the above values of p’ and p’, 


Here, as before, é’ and &” are the parts, and « the whole, of the 
curve, or line, of contact expressed in terms of the pitch. If, 


— 
if 
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therefore, ¢, denote the root-pitch (measured on the root circle — 
r), then 


E' + EB" 


Introducing these values of ¢, & and e” into the last equation, 
we obtain 


‘ 


An easy graphic solution of this expression results in the follow- 
ing rule: 


Add together the lenyths of the two faces (s and s,", Figure 9), and 


also the le ngths of the active of the t two flanks (s" and 
Figure 9) ; subtract the second sum from the first, and aie ide the ve- 
mainder by the length of the line of contact (I— 11 = E.); multiply 


the quotient by the coefficient of friction, fA and the product will 
be the total loss, p- * 


Analytical Investigation.—If 1 and 6 denote the angles of ap- 


* To find ways “les s of s,',8 E, ete., set a pair of compasses to quite a small 


opening—say }{ to |; inch—aad space off the curves which are to be rectified, 
keeping count of the number of spaces measured. 
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y proach and recess, both taken with reference to the root circle, as 
f _ represented in Figure 8, then we may put for Equation (19): | 
fr+0 T 
car | — | 
J sin 
| Integrating, and substituting for 2 sin a’ its value », we have 
+ 7° + 26’'r — — _ 6,2 4. 27,0,') 
Re ducing : 
A’ 
» + 7Tl A, 
= —— ; 
J 
$ But 7f = 7,4,', both being equal to #” (Figure 8); and r = 7,. both 
being equal to cot a’ (because are rt = = cosa’, and = 


sin a’, whence Tt = - = eot a’), 
sin a’ 
Substituting in (20): 
7 


J 2 2 2 Tr; 
~ Replacing 7 by its value 7? sin a’: ‘3 


PR sin a R + R, sin a’ R 4 R, 
2 RR; sin RR, 2 


Here, as before, 720’, the are of recess measured on the pitch 
circle, is equal to ¢'/, so that 


R + &, 


from which, reducing as for equation (11), Z and Z, denoting the 
numbers of teeth of the two wheels, . cope 


~ 
| 
ia 
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and finally, deducing p as in Equations 12, 13, and 14, we find 


59 


which is identical with the value of p for epicycloidal wheels—the 
negative sign and number /, referring to internal gearing. 

As in the case of epicycloidal gear the values of ¢ and é” in in- 
volute gearing can be analytically deduced as follows : 

The two tip circles of a pair of engaging gear-wheels limit by 
intersection with the deseribing circles the length of the active 
portions of the curve of contact now considered. We have, as 
before, 

Re RA, ” 
=— +e”, 
‘t t 


To find a value for & we have from the triangle O'PD, Figure 10, 


(R+kP + sin a? +2724 sin a cos a, 
from which we deduce 


, 4 = (3 +1) 


Qn sina® 7° \Q2 


sin a® sin a? 


| 
t= 


cot a = 0.26795, 


(23) . . =—0,048Z7+ V0.0018Z' + 0.108 (Z + 1). 


This formula applies to outside spur gearing; for practical — 
purposes it is approximated with sufficient accuracy in the ex- 
pressions : 

= 0.8 + 0.0036Z, = 0.8 + 0.0086Z,, and «= + = 164 
0.0036 (Z + Z,); and for the rack, & = 1.20. 

Example 1.—In a pair of gear-wheels assume Z = 20, and 

= 0.8 + 0.0036 - 20 + 0.8 + 0.0036 - 100 
= 1.6 + 0.0036. 180 6 + 0.331 = 1.932. 


Heample 2.—Assume Z = 20, 7, = 20: 


1.6 + 0.0036-40= 1.744. | 
Evample 3.—Assume Z = 28, Z,= : 


é€= 0.8 + 1.20 + 0.0036 . 28 = 2.0 + 0.09 = 2.09. 
When Z, refers to an internally geared wheel, Equation (23) be- 
comes 


= 0.0432, — 4/0.0018Z2 — 0.108(Z — 1), 


which yields imaginary values for all cases in which the number 
of teeth in the second member is less than 59. The formula > 
approximated with sufficient practical accuracy in the expre a 


te: 


Example 1.—Assume Z, = — 100: then ¢,’ = 1.7— 0.1 = 1.6, 
Example 2.—Assume Z, = — 200: then «/ = 1.7 = 0.2 = 1.5. 


In usual cases ¢’ differs appreciably from ¢’, and consequently 


rg 


the mean value of the factor - is greater than 5-. For ex- 
ample, for 

Z = 20 and Z, = + 200, & = 0.8 + 0.0036 . 2 
é” = 0.8 + 0.0036 - 200 = 1.52; and 
¢ = 0.872 + 1.52 = 2.392; and hence the factor 


LG) + 2) Gir) 


(0.36 + 0.64?) & = (0.1296 + 0.4096) ¢ = 0.5392 «, 


il 
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which is a little greater than 4¢.* We may there‘ore put for for- 
(22), 


fe + 1\ « 


always bearing in mind, however, that in involute gearing ¢ is gen- 
erally greater than in epicycloidal gearing of the same number of 
teeth, and that in the approximation which we adopted, the value 


is for most cases a trifle too small. 


It will not be uninteresting to examine a few numerical appli- 
cations of the last formula, as this will enable us to make a com- 
parison between the two systems of gearing as regards friction. 
Supposing the true involute curves applied, we must employ 
numbers of teeth greater than 19 and 28 respectively, as stated 
above. 

Example 1.—Z = 30, Z, = 30. This gives P 
€= 1.6 + 0.0086 (30 + 30) = 1.816, and p = 0.15 - 38.14 (so + 50) 
1.816 

= 0.00908 - 3.14 = 0.0285, or 2.85 per cent. (as against 2 


per cent. in epicycloidal gearing). 
Lxample 2.—Z = 28, Z, = @ (rack). &, as given above, = 2.09, 
2.09 


+ () = 0.0056 - 3.14=0.0175, 
\28 / 2 


which makes p = 0,15 - 3.1 
or 1.75 per cent. (as against 1.19 per cent. in epicyeloidal 
gearing). 
Example = 30, Z, = 40; then = 0.8 + + 
0.0036 - 30 — 0.001 - 40 = 2.5 + 0.068 = 2.568, and p = 0.15 - 3.14 
1 1\ 2.568 
40/ 2 


against 0.28 per cent. in epicyeloidal gearing). 


= 0.0016 - 3.14-= 0.005, or 0.5 per cent. (as 


If we give up the accurate involute curves for wheels under 20 
and 23 teeth respectively, and apply a sufficient correction to the 
faces, we will find a greater value for ¢ than in epicycloidal gear- 
ing, and therefore greater friction. Many engineers imagine 


that the reverse should be the case. ih > 
° . . . 
lhe action, or contact, in involute gearing is not always good, 


In my Konstrukteur I have taken Ze as the mean value of this factor, which 
is, therefore, too large, 


| 
1 
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for with certain proportions between the numbers of the teeth in 
two engaging gears, a failure of action will oceur. This takes 
place when that portion of the curve of contact which corresponds 
with the flank of a tooth is shorter at its maximum than the por- 
tion corresponding with the face ef the tooth of the engaging 
gear. In such a case, the action, while geometrically correct, is 

physically impracticable. For example, the tooth of 


wheel 7’, is shown in Fig. 11, just in the position where the inner 
end J of the tlank on wheel 7’ has been reached by a point of the 
— face /Aj. The gearing moving in the direction of the arrow, 
point Aj will describe an elongated epicycloid curve, whose loop 
J, KZ, is seen in the figure. This curve enters the radial flank 
of tooth FIK, showing therefore that an interference will take 
place between the teeth. Gear-wheels made with such propor- 
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tions must strike and wear each other at the points of interference. 
Practice sustains this deduction, for in all cases where pinions 
with a small number of involute teeth—say 12 to 15—are geared 
into large spur-wheels, a jog is soon worn into the teeth of the 
pinion just inside of the pitch circle (Fig. 12), and this wear is solely 
due to the undesired action of the profiles, even though they be 
eut with ever so much accuracy. The objectionable interference 
of the curves, as we observe it here, seems to be in exact contra- 
diction to the geometrical correctness of the system, but really 
this is not so. It should not be forgotten that the involute con- 
sists of two symmetrical branches, one of 
which is the face /A’; the second one /A’ is 
left unexecuted ; it lies symmetrically disposed 
to axis O//' opposite the branch /A. It is 
with this second branch of the involute that 
the part 7A, of the face of tooth /, A, would 


come into true geometrical contact; this, how- 


ever, does not preclude that the lower portion 
of the first branch of the involute could at the 
same time be intersected by /A,. In the 
case before us, the loop enters the flank so far 
that the evil cannot be remedied by hollow- 
ing out the face along the line of the loop Fig. 12. 
curve, as this curve partly cuts away—so to say—that short but 
important portion of the involute between the pitch and the root 
circle, which cannot be dispensed with for the contact between 
points ? and 7, Every precaution should, therefore, be observed 
to avoid the interference in question. 

The number of teeth required in order to avoid this difficulty 
in the smallest involute gear-wheels—those having a root circle 


| 
| 
| 
| 


angle a of 75°—is twenty when both wheels have the same num- 
ber of teeth; but it increases to twenty-eight when the engaging 
gear is arack.* In order to prevent this failing case it would ap- 
pear necessary to reduce the angle a of the root circle to less than 
75°.+ But other evils accrue from this reduction, and mainly 
that of greater axial pressure, so that it has not yet been adopted 


* See Honstrukteur. 

+ Brown & Sharp+, of Providence, R. I., make @ slightly > 75°, namely 754°, 
apparently with the intention of having cos a = | and so facilitating the design- 
ing of the root circle. On the other hand, a 75° angle is so easily drawn with the 
aid of a 30° and a 45° triangle that it seems preferable to maintain this value of 
a, which, moreover, was the one adopted by the late Prof. Willis. 
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in practice. The occurrence of this failing case is to be noted 


even with the use of Bilgram’s excellent gear cutter. This tool 
is particularly well suited to cutting very accurate involute profiles, 
but, as explained above, the wheels should never have less than 
twenty teeth. Another device for guarding against the failing 
case consists in slightly rounding off the face profiles on wheel /’ A}. 


~The proper amount of this rounding off is readily determined by 
dr: awing the different positions which the flank of a tooth on wheel 
- K will assume when its pitch circle -/ is rolled upon 7\.* This 
curve ean also be investigated theoretically—it is, for example, 
a cycloid when the tooth /’?A, belongs to a rack. But at best 
this remedy for the failing case does not appear to be really com- 
mendable, for its adoption implies that the principle of “ sets of 
whe els”? has been abandoned in such cases-—the correction being 
in the first place, net constant as dependent on the number of 
teeth of wheel 7A, and secondly, not necessary, and even posi- 
tiv ely incorrect, as soon as the number of teeth of /’A’ is greater 
than twe nty-erght. 

LANTERN GEARING. + 


12 72 


For this case we have ¢’ = 0, and ¢ = ¢, and hence 
é 


_ so that the expression for the lost work of friction, derived from 
formula (14), becomes 
1 
- which is twice as much for the same é as in the cases above men- 
tioned. 


BEVEL GEARING. 


In bevel gearing friction can be determined by the given formu- 
le, when introducing, instead of the real numbers of teeth, those 


* In the very useful Practical Treatise on Gearing, by Brown & Sharpe, already 
referred to, attention is directed to the failing case which is here considered, but 
its cause is ascribed to wide departure of circular ares in these gears from the 
true involute curve, this departure being so great that points of teeth in the one 
wheel obtain no bearing on the flanks of teeth in the other. That such is not 
the true case nor the proper explavation has been shown above, and besides, in 
their own book (p, 21, Fig. 10), Messrs. Brown and Sharpe indicate clearly, and 
quite correctly, the intersection of the ends of the tooth faces of a rack with the 
tooth flanks of a pinion, The failing case in question is an unfortunate element 
in involute gearing, especially where wheels with only a small number of teeth 
are prescribed. 

+ See the author’s Aonstrukteur, 4th Ed., p. 534, had 
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of what may be called the auxiliary wheels, which are wheels 
whose radii are the lines drawn from the point of contact of out- 
side pitch circles perpendicular to the conical elements, and reach- 
ing the axes of the wheels respectively. The auxiliary wheels 
are always greater than the real wheels. For a crown wheel,* 
for instance, the radius of the auxiliary wheel becomes parallel 
to the axis, and therefore infinite, this auxiliary wheel correspond- 
ing to the rack. 


- 


WEAR OF TEETH. 
The wear of tooth surfaces is intimately connected with the ex- 
istence of friction, but not infrequently the question is treated in 
a misleading way. A common error regarding involute gear, 


and one which is firmly rooted in the minds of many engineers, 
consists in the belief that, because of the uniformity of the 
pressure (J, the wear at all points of the tooth surface will be the 
same, and that therefore the form of the profile will not be altered 
by abrasion. This is altogether erroneous, for the wear depends 
both upon the pressure per unit of surface and on the amount of 
sliding at each point. Owing to the curved profile of the tooth 
the problem of determining the pressure for each square inch 
becomes very complicated, and its solution can only be approxi- 
mated by mean values. Setting aside, therefore, this part of the 


* See Konstrukteur, 4th Ed., p. 546. 
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in practice. The occurrence of this failing case is to be noted 
even with the use of Bilgram’s excellent gear cutter. This tool 


is particularly well suited to cutting very accurate involute profiles, 
but, as explained above, the wheels should never have less than 
twenty teeth. Another device for guarding against the failing 
led case consists in slightly rounding off the face profiles on wheel 7? A4. 
— The proper amount of this rounding off is readily determined by 
drawing the different positions which the flank of a tooth on wheel 
a PK will assume when its pitch circle / is rolled upon 7}.* This 


- eurve can also be investigated theoretically—it is, for example, 
-acyeloid when the tooth /’A, belongs to a rack. But at best 
this remedy for the failing case does not appear to be really com- 
mendable, for its adoption implies that the principle of “ sets of 


wheels” has been abandoned in such cases-—the correction being 


in the first place, net constant as dependent on the number of 


than twenty-eight. 
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For this case we have ¢’ = 0,and « = é¢, and hence =é 
é 


so that the expression for the lost work of friction, derived from 
formula (14), becomes 

] ] \ 
p= fan (Zt 


which is twice as much for the same € as in the cases above men- 
tioned. 
BEVEL GEARING. 


In bevel gearing friction can be determined by the given formu- 
lee, when introducing, instead of the real numbers of teeth, those 
* In the very useful Practical Treatise on Gearing, by Brown & Sharpe, already 
referred to, attention is directed to the failing case which is here considered, but 
its cause is ascribed to wide departure of circular ares in these gears from the 
true involute curve, this departure being so great that points of teeth in the one 
wheel obtain no bearing on the flanks of teeth in the other. That such is not 
the true case nor the proper explanation has been shown above, and besides, in 
their own book (p. 21, Fig. 10), Messrs. Brown and Sharpe indicate clearly, and 
quite correctly, the intersection of the ends of the tooth faces of a rack with the 
tooth flanks of a pinion, The failing case in question is an unfortunate element 
in involute gearing, especially where wheels with only a small number of teeth 
are prescribed. 


+ See the author’s Konstrukteur, 4th Ed., p. 534. * 
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of what may be called the auxiliary wheels, which are wheels 
whose radii are the lines drawn from the point of contact of out- 
side pitch circles perpendicular to the conical elements, and reach- 
ing the axes of the wheels respectively. The auxiliary wheels 
are always greater than the real wheels. For a crown wheel,* 
for instance, the radius of the auxiliary wheel becomes parallel 
to the axis, and therefore infinite, this auxiliary wheel correspond- 


The wear of tooth surfaces is intimately connected with the ex- 
istence of friction, but not infrequently the question is treated in 
a misleading way. A common error regarding involute gear, 


“k 


ing to the rack. 


WEAR OF TEETH. 


Fig. 13. 


and one which is firmly rooted in the minds of many engineers, 


consists in the belief that, because of the uniformity of the 
pressure (J, the wear at all points of the tooth surface will be the 
same, and that therefore the form of the profile will not be altered 
by abrasion. This is altogether erroneous, for the wear depends 
both upon the pressure per unit of surface and on the amount of 
sliding at each point. Owing to the curved profile of the tooth 
the problem of determining the pressure for each square inch 
becomes very complicated, and its solution can only be approxi- 
mated by mean values. Setting aside, therefore, this part of the 


* See Konstrukteur, 4th Ed., p. 546. 


\ 
4 
\ \ \ | 4 
\ 
\ 
| 
| 
5 


FRICTION IN TOOTHED GEARING. 


question, there remains the amount of sliding, which, as we 
found in (1) is 


« e 


dg=ds—dsy. 
But in all kinds of gearing, without exception, ds and ds,, are re- 
duced to 0 at the pitch point,* so that theoretically the teeth 
would be subject to no wear at the pitch point. If they do, never- 
theless, suffer a small amount of wear at that point, it is due to 
the abrasion of particles of metal very near the pitch point, and 
to a certain amount of shaking and springing of the axles, which 
always produces a slight displacement of the pitch circles. 

The greatest amount of sliding corresponds with a maximum 
value of the angle 6—that is, it occurs at the beginning and end 
of contact (assuming the approach and recess of the teeth to 
take place on the two sides of the line of centers through the — 
axes). Hence the terminal points of the active profiles are sub- 
ject to the greatest wear. The actual amount of wear, 7. ¢., the 
thickness of the film of material abraded in a unit of time, depends 
geometrically upon the lengths of ¢s and ds,, or taken for one pair 
of teeth, upon the lengths s’ and s,',s" and s," (Fig. 6), of the active 
profiles. A long face, s’, slides upon the corresponding short 
flank s,’, and s,” upon s”. _ The short portion is subject to as much 
work of friction as the longer part, so that its mean wear must be 
greater, since the quantity of abraded particles, both teeth being 
of the same material, is the same in both parts. The effect of fric- | 
tion, therefore, in involute and epicycloidal gearing will be repre- 
sented by the wear roughly indicated in dotted lines in Figures 13 
and 14. The most unfavorable result is generally obtained in in- — 
volute gear (Fig. 14), which is just the reverse of the erroneous im- 


ds, 
pression above alluded to, because ¢, and hence de’ 


is generally 
8 

larger, and —- and —, are smaller than in epicycloidal gear of the 
8 8 

same number of teeth. This conclusion has always been sus- 

tained by my observations in practice, and I entertain no doubt 


but that others will confirm it. 


* In the case of certain kinds of gearing, which I have called shield gearing 
(Konstrukteur, 4th Ed., p. 536), the pitch point does not fall on the tooth profile. 
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DISCUSSION. 

Mr. Wilfred Lewis.—The paper now under discussion treats of 
a subject to which I have recently given considerable study, and 
while, to some extent, it has been gratifying to find my researches 
substantially confirmed by such high authority, there are neverthe- 
less a few important points wherein our views and conclusions dif- 
fer, and to these I would ask your attention. 

The first difticulty which I met with, in reading the paper, 
occurs in the formula immediately preceding equation (8), 


P=P tPF . (a) 


Equation (a) implies that the useful work done during the ares 
of approach and recess is directly proportional to the length of 
those arcs respectively, and this, I think, cannot be granted upon 
the assumption that the normal pressure Q@ between the teeth is 
constant. It is, I admit, a close approximation, but it would seem 
to be more properly stated as such. Upon the assumption that the 
moment of resistance, Q/2 sin a, is constant, the useful work must 
be proportional to the angle 4, but when @Q is assumed to be con- 
stant, the useful work UJ’ has just been demonstrated by eqnation 
(6) as proportional to 2r cos a’, that is, to the chord of the describ- 
ing circle,and not to its are. The difference must be very slight 
indeed, but nevertheless, it is just the differeace between an exact 
and an approximate solution of the problem. The “ analytical in- 
vestigation ” of the same case does not pretend to be absolutely 
correct, when, for example, a small angle is taken for its tangent, 
and, although this is perfectly allowable as a close approximation, 
it could not be accepted if presented as literal truth. 

Continuing the paper, I was somewhat surprised to find that the 
value of p, us deduced for cycloidal teeth and expressed by equa- 
tion (14), was stated as identical with the value of p for involute 
teeth, as expressed by equation (22); and reflecting upon the peculi- 
arities just mentioned, I was led to conclude that the identity of 
the two equations was due to the fact that one was derived by ex- 
act and the other by approximate methods. That a small differ- 
ence does actually exist in favor of the involute form, has been 
shown by Mr. George B. Grant,* but for other purposes, which 


* American Machinist, for December 26, 1885. 
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“will presently appear, I prefer to use the following demonstration 
my own. 

Referring to Fig. 68 for cycloidal teeth, and to Fig. 69 for invo- 

_— Intes, let A and B be the centers of two wheels gearing together, 


ve 


Fig, 68, 


T 

te 


and ./CN their path of contact. Let ) be any point in the path 
of contact taken in each figure for the same are of action from the 
 piteh point Draw 4D and BPD and make DJ and DA’ per- 
_ pendicular to these lines respectively. Draw also, at a convenient 
— distance from D, paraiel to the surfaces in contact, and conse- 


- quently normal to the line of connection DO, the line 77K, inter- 

_ secting the perpendiculars to AY) and BD in the points J and XK. 

Then the instantaneous velocity of the point D may be repre- 

sented in magnitude and direction by DJ in the wheel A, and by 
D& in the wheel B, and 7X will then be the velocity of sliding. 

If, now, we prolong DC and draw BE — to AD, it is evi 


: 
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dent that the triangles D/K and BE'D will be similar, and that 
DE will represent the velocity of sliding in terms of the ve- 
locity at pitch line, represented by BC. We have now a con- 
struction for the velocity of sliding at any point.in the path 
of contact, expressed in terms of the constant BC; and taking 
the product of sliding and pressure as proportional to the work 
lust in friction, we can readily find this loss upon the assump- 
tion that the moment of. resistance is constant. This assump- 
tion is preferred to that of a constant pressure (, taken by Pro- 
fessor Reuleaux, because it agrees more nearly with practical con- 
ditions, and therefore seems to give a more natural basis of com- 
parison, although of course, for analytical purposes, either is cor- 
rect. It is also thought that by this method of analysis the labor 
involved is very much reduced. When the moment of resistance 
is constant, the pressure at any point J) becomes proportional to 
cosec a, and, if we draw FG perpendicular to the line of cen- 
ters,and project YF upon it by normals to 7, we shall have 7G 
proportional to the product of sliding and pressure. Now, by the 
assumed conditions, the are of action measured by the curve CV), 
Fig. 68, must be equal to the arc of action measured by the straight 
line CG, Fig. 69, and therefore it appears that the loss in friction 
at the point J) for cycloidal teeth is to the corresponding loss for 
involutes as CG, Fig. 68, is to the are CD. Hence, it is evident 
that for any point D at a finite distance from C, the loss in fric- 
tion for cycloidal teeth must be greater than the corresponding 
loss for involutes. 

It further appears in Fig. 69 that CG, the are of action, is al- 
ways proportional to the product of sliding and pressure for any 
degree of obliquity ; from which it follows that the loss in friction 


is independent of the obliquity, as implied in equation (22), and 
found by Mr. Grant in the article mentioned. | 
Referring again to Fig. 68, we have : = al 


Neate are CD = q’?, and CG = 2r tan 


are UD 


or we may put 


Cl 


are CD 


7 
tan 
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In order to represent graphically the actual logs in friction for 
eycloidal and involute teeth respectively, let us take dee, Fig. 70,— 
to represent the are of contact, ¢ being the pitch point. Then, at— 
the point d,,erect the perpendiculars da and db equal to FG in 4 
Figs. 68 and 69 respectively, and similarly find the points g and f ; 
on the opposite side of the line of centers, Draw the straight — 
line beg, then will the area cdb + ceg represent the loss in 
friction for involute teeth. Draw also the curved line acf tangent — 
to beg at the point c, then will the area cad + cef represent the | 


LOSS IN FRICTION,FOR 
CYCLOIDAL AND INVOLUTE TEETH. 


loss in friction for cycloidal teeth, and the difference will be repre-_ 
sented by the area abe + cgf. 

If we denote abscissas from the point ¢ in terms of g’, the 
equation for the curved line acf becomes simply 


in which @ is a constant depending on the scale used. 

It will be observed, in the analysis which I have briefly indi-— 
cated, that the necessity for finding the face lengths in action has 
been overcome, and that the problem has thus been shorn of a 
needless and difficult feature. ; 

It must not be supposed, from Fig. 70, that the efficiency of in- 
volute gearing is always better than that of eycloidal, and the qual- 
ification, for the same arc of action, must not be overlooked. 

The unfavorable comparison for involute teeth as against cy- 
cloidal is due, as stated in the paper, to differences in the length 
of the are of action, and not to any peculiar merit in the cycloidal 
form of tooth. ; 

In regard to the wear of teeth, I think there is a grave error in 
the assertion on the next to the last page, that in all kinds of 
gearing, without exception, the wear is theoretically reduced to 
zero at the pitch point; and I propose to show that the form of 


‘ i 7 e 
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tooth has a great deal to do with the distribution of wear at the 
pitch point, as well as along the faces and flanks of the teeth. 

In Fig. 68, let O be the center of the describing circle; draw OD 
the radius, and D// perpendicular to OD. Then, in the triangle 
DHK, we have JK proportional to the sliding, /7K proportional 
to the surface upon which sliding takes place on the wheel B, and 
HT proportional to the surface upon which it takes place on the 
wheel A. If now we assume that the intensity of wear on any 
surface is proportional to the loss in friction divided by the surface 
sustaining such loss, we can readily construct a diagram upon the 
are of contact for a base line, to represent the intensity of wear. 


a 
a 


i 
INTENSITY OF WEAR ON CYCLOIDAL TEETH, FIG.A. 


Fig. 71 represents the intensity of wear on the teeth shown in Fig, 
68. That portion above the base line dee refers to the wheel RB, 
and the portion below to the wheel A. When the pressure Q is 
assumed to be constant, the wear will be uniform over the face and 
over the flank of each tooth, as shown by the parallel dotted lines 
ag, fo, br, and qp; but when the moment of resistance is as- 
sumed to be constant, the wear will increase slightly from the pitch 
point, as shown by the curved lines tangent thereto. To prove 
that the wear is uniform when the pressure Q is constant, prolong 
DE and draw BL parallel to OD, then the triangle BDL will 


~y 


be similar to the triangle D//A, and DI will represent the wear 


on the face of wheel BP. 


AB 
AC 


which is constant. 


x CD, and DL 


Now, by similar triangles, we have DE’ = 


Bo DE AB x OC 
* CD; whence DL =~ x BO’ 
Similarly, the wear on the flank of wheel A, represented by == 

Y EL 
can also be shown to be constant. 

For involute teeth the result is very different, for there the lines 
BL and CZ are constant, and the intensity of wear may vary from 
infinity to zero. 

To compare the wear on both forms of teeth by diagrams drawn 
to the same scale, we must assume some ordinate to ace the 
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bo 


wear resulting from a unit ef pressure in sliding a unit’s distance — 
over a unit of surface. 

In Fig. 68, this ordinate should be laid off from the line BL to 
locate the parallel line PQA, and in Fig. 69 its oblique projec-_ 
tion, equal to its original length times cosec a, should be laid off 
from BL for a similar purpose. At the points Q and 2, where 
this line intersects BE and BD, draw the lines Q7' and PS par- 


INTENSITY OF WEAR ON INVOLUTE TEETH,FIG.B. 
‘ 


allel to the line of connection CD ; then will these distances repre- 
sent the intensity of wear at the point D on the wheels A and B 
respectively. 

Following out this construction, we obtain Fig. 72, representing 
the intensity of wear upon involute teeth comparable with Fig. : 
for cycloidal. * ’ 


* The relative distribution of weer on cycloidal and involute teeth was pointed 
out by Mr. Bilgram in a lecture delivered at 
the Franklin Institute in November, 1881, 
and published in its Journal for January, 
1882. The diagrams which he, used at 
that time to illustrate his remarks are 
now of especial interest in connection with 
; Figs. 13 and 14 of the paper under discus- 
INVOLUTE TEETH. gion, and they are here subjoined (Figs. 79 
and 80), to indicate the wearing tendency on a single pair of engaging teeth. 


CYCLOIDAL TEETH. 


4 
Fig. 72. k 
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We have not yet, however, arrived at the solution of the problem 
presented, upon the basis of actual working condition, and, in the 
present discussion, I can do but little more than indicate the diree- 
tion in which the analysis may be pursued. It has been pointed out 
in a foot-note on the fifth page of the paper that in actual practice 
each pair of tooth-profiles is brought into engagement while the 
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preceding pair is still in action, and the conclusion is drawn, rather 
hastily I think, that the rule laid down for finding the loss of work 
on the assumption that only one pair engage at a time, holds good 
in practice as well as in theory. 


That this is an error of no small importance will appear by refer- 
ence to Figs. 73 and 74, in which the are of action dee has been 
taken equal to 1} pitch, and divided equally at ¢ for convenience. 7 
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Now, if dn = me = pitch, and the load is divided equally between 
two pairs of engaging teeth, we shall have for the loss in friction 
for each pair of teeth, the areas droged + cetpsc = V, instead of 
the larger areas dac + cef or deb + ceg=V'. If the are of con- 
tact be reduced to ww = pitch, so that there shall never be more 
than one pair of teeth in action, the loss in friction for each pair of i 
teeth will be represented by the area wve + cewr = V". 


From similar triangles, Fig. 74, it will readily appear that the 
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difference between these areas V— VV", is not measured by the 
difference in the ares of contact, de ~ uw = }, 
that difference, or 4; and the same is approximately true for 
cycloidal teeth, Fig. 73. In other words, we have areaV = ty V", 


instead of 4 V". 


but the square of 


From this consideration, it is evident that the general equation 
at the top of the seventeenth page, 


5° 


does not express the true relation for the are of contact to the loss 
in friction, and when the value of ¢ lies between 1 and 2, as is 
usual for external gearing, this equation should be written, 


For interchangeable cycloidal teeth, the value of ¢ is quite 
limited, being seldom more than 1.5 or less than 1.25, and conse- 
quently equation (d@) may be expressed for such teeth within 10 per 
cent. of the true value, more or less, by 


| 4 
p=1sf (545): 


and this approximate formula is really more nearly correct, within 
the specified limits, than equation (c), which involves the additional 
labor of finding «. 

For involute teeth, the are of action is so much more variable, that 
to obtain a close approximation of this kind would at present seem 
out of the question, but from other considerations which have not 
yet appeared, it is thought that the equation (e) may also be used 
to express the loss in friction for involute teeth as well. 

The fallacy in the reasoning by which it has been inferred that 
the “assumed case holds good in practice,” is very natural and easy. 
Suppose, for example, Fig. 73, there is a tooth, 7), in action at n, 
when a new tooth, 7}, enters the path of contact at d, then as 
T;, passes from d to e, it will lose in friction the work represented 
by the area called A, the tooth, 7, will lose the area pts/, and a 
new tooth, 7, coming into gear will lose the area rago, all of 
which, added together, completes the area dac + cef for the 
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assumed case of one pair of teeth in gear at a time, and, if we stup 
here, there will be no reason to doubt that the inference referred to 
is correct. But, if we continue to move the wheels through sueces- 
sive ares of action, the result will be quite different. Commencing 
with the tooth 73 at the point a, the next area becomes A + mge 
and, continuing, the next becomes A 4- ens, when the teeth again 
stand in the positions originally assumed relative to the are of con- 
tact. The error appears to have arisen from assuming an incom- 
plete cycle of movements to represent the whole. 

I do not propose at this time to enter fully into all the details of 
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this interesting subject, nor to give a report of my investigations 
for the company with which I am connected to determine the 
most advantageous system of gearing for their adoption. This, I 
think, will more properly form the subject of a paper for a future 
meeting of the society; but there are still more points in regard to 
the question of wear to which I would call your attention. 
Referring to Figs. 71 and 72, it would at first appear as though 
the cycloidal form was immensely superior to the involute in point 
of durability or deformation from wear, but upon further con- 
sideration it becomes evident that these lines of intensity must 
suffer considerable modification under the action of two teeth in 
gear. For involute teeth, the pressure toward the beginning and 
end of the are of action would naturally be reduced by the exces- 
sive wear, and this in turn would naturally reduce the loss in 
friction represented by Fig. 74. The precise manner in which 
this change of pressure should take place remained with me an 
unsolved problem until a few weeks ago. After going over my 
work with Mr. Hugo Bilgram, of Philadelphia, he subsequently sent 
me a very happy and ingenious solution, which, with his ‘per- 
mission, I take pleasure in presenting to the society in his words :* 
* Assume in a pair of gears the addenda made so great that the path of con- 
tact on each side of the gearing center is equal to one pitch. Let AOB, in Fig. 82, 
represent the path of contact, and assume one pair of teeth, preferably involutes, 
to be passing from A to B at uniform velocity. The velocity of friction being 
represented by the distance of the line CD from AB, the surfaces OACO and 
OBDO will represent the loss from friction (the various coefficients being taken 
into account in selecting the scale). But, according to the assumption, the work of 
transmission will not devolve on one pair of teeth, as two pairs will constantly 
be in contact. At first the pressure might distribute itself uniformly upon both 
pairs of teeth, and the loss of work due to each pair would then be represented 
by the areas 0A HO and OBFO. But the wear will be least near ‘he pitch line 
and greatest near the base or point. This can, however, last only for a short 
time, for two pairs of teeth being in gear constantly, a state of persistency of 
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Following out to its logical conclusions the line of thought sug- 
Be by Mr. Bilgram, we have Fig. 75 presenting the load trans- 
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LOAD TRANSMITTED BY CYCLOIDAL TEETH, 


Fig. 75. 


mitted by cycloidal teeth throughout the are of action, Fig. 76, the 
same for involutes, Fig. 77, the loss in friction for cycloidal teeth, 
and Fig. 78, the same for involutes. In Fig. 77, the distribution 
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Fig. 76. i 
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LOAD TRANSMITTED BY INVOLUTE TEETH, 


of the loss in friction is slightly different from what is shown in 
Fig. 73, but the amount of loss is almost exactly the same. In 
wear must soon be reached, in which the wear on simultaneous points of contact 
of both pairs of teeth is equal. But the wear can only be equal if the pressure 
is inversely as the velocity of friction (this is an assumption which may be more 
or less true). Therefore, the total pressure will be no more distributed equally 


Oo 


upon both teeth, but inversely as the velocity of friction. The diagram 
MLNKM, Fig. 81, therefore represents the variable pressure on each tooth-pair 
as their point of contact travels from A to B. For convenience, the triangle 
KLNK may be transported to MPLM. 

If a pair of teeth is at p, the pressure will be equal to mo, while that on the 
other simultaneous contact is equal to on, the sum of both being equal to the 
total pressure, VP = KL. 

In order to find the dynamic loss, the force mo must be multiplied by the 
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Fig. 78, the distribution is very different, and the loss in friction 
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_ These diagrams go to show that an extended are of contact entails 
less friction for involute teeth than it does for cycloidal, and that, 


LOSS IN FRICTION 
INVOLUTE TEETH. 


practically, formula (e) must come very near the truth for all 


cases. 


From Figs. 75 and 76, it appears that the load on involute teeth 


velocity pg. Since AC represents both the velocity of friction and the dynamic 
loss, the scale of the diagram is evidently such that the pressure on the teeth 
multiplied by the coefficient of friction can be considered as the unit. The mul- 
tiplication of mo and pq can therefore be accomplished by making Ay = pq, and 
drawing the line q, intersecting mo iu 7’, when pr = mr. When the state of 
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persistency is once reached, the loss from friction is therefore no more represented 
by the surfaces OAEZO and OBFO, but by the parabolic segments OX.10 and 
OYBO. 

Now, if the addenda are not so great as thus far assumed, if the path of con- 
tact extends only from a to b, it is plain that between ) and a’ only one tooth is 
in action. 

While passing from @ to b’ it will be assisted by the preceding tooth passing 
from @' to b, and only in this period will the curves X and Y show the loss from 


friction. The total loss is, therefore, shown by the surfaces Ob Xab'O and 
Oa' Yba'0. 
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will eventually be applied and removed more gradually than it 
will on cycloidal, and that as a consequence the action should be- 
come smoother. 


When the condition of “ persistency ” is established, the inten- 
sity of wear will be represented by the dotted lines st, wv, wx and 
yz, Fig. 71, and by op, gr, s¢ and uv, Fig. 72, the middle portion 
in each remaining unaltered. 

Thaf there will actually be some wear at the pitch point ec, as 
suggested on the next to the last page of the paper, there can be 
no doubt, but, in addition to the reasons mentioned, it should also 
be noted that wear must occur there, even with involute teeth, on 
account of the fact that every point in the tooth surface must re- 
main in contact through a perceptible are of action, owing to its 
compressibility—in other words, because the path of contact must 
have some thickness, as well as length and width. This considera- 
tion will affect the intensity of wear to some extent, but, it is 
thought, not seriously. The main point which remains unsettled, 
and the one which is always of the first practical importance to de- 
termine, is the coefticient of friction. Is it sufficiently constant 
throughout the are of action to be taken as such, and if not, must 
the “ Friction of Toothed Gearing” be considered a hopeless 
problem 

I am strongly convinced from the “Sellers Experiments on 
Gearing,” which I have had the honor of reporting to this society, 
that the coefficient of friction must undergo very decided changes 
throughout the are of action, so much so, indeed, as to impair, to a 
greater or less extent, the practical value of any formula yet de- 
vised for determining the loss in friction; and it is only for very 
slow motions, such as that of feed gearing, that I should think of 
applying formula (e) with any degree of assurance. 

I am well aware of certain crudities in this hurried discussion, 
and fine points neglected that might have been considered, but the 
ground to be covered seems to expand as we proceed ; and, to con- 
clude, I think it will be admitted that the subject before us still 
offers a promising field for experimental research and analytical 
investigation. 


Mr. Hugo Bilgram.—On the ninth page of his paper, Professor 
Reuleaux, by his analytical deduction, comes to the conclusion 
that, as regards the loss of power from friction, the most favorable 
case will be that in which the contact is equally divided on either 
side of the line of centers. 
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This appears to be in direct conflict with the assertion of Pro- 
fessor Willis, that the loss from friction during the approach, ex- 
ceeds that which occurs during the receding contact, for which 
reason the addendum of the driven gear should exceed that of the 
driver, when a minimum of loss from friction at a given length of 
the are of contact is desired. 

This discrepancy can be traced to the difference in the premises 
of the two investigators. While Professor Willis compares the 
effective momentum given by the driver,with that received by the 
driven gear, in the various stages of action, Professor Reuleaux 
computes the loss from friction for a wniform normal pressure 
between the faces of the teeth. 

The actual pressure transmitted by the teeth, which is inclined 
to the common normal of the curves in contact by the angle of 
friction, ay be resolved into two forces—the normal pressure, 
which in the paper under discussion has been considered a con- 
stant, and the tangential force of friction. On examination, it will 
be found that the force of friction has a much greater reacting 
leverage during the approaching than during the receding action. 
In order to overcome a uniform resistance in the driven gear, it is, 
therefore, necessary that the normal force between the teeth should 
be greater during the approach than during the receding action; 
and if this is an essential prerequisite in practice, the loss from 
friction during the approach, must exceed that of the other half of 
the action. The assumption of a uniform normal component is, 
therefore, not compatible with what actually occurs in practice. 

The factor of friction is, howev er, as a rule, no sufficient reason 
for abandoning the practice of making the addenda of gears equal, 
except when special reasons intervene. When toothed gears are 
used intermittently or interchangeably as drivers and driven gears, 
the conclusion of Professor Reuleaux is unquestionable. 

In the paper on a new Odontograph, mentioned by Mr. Wilfred 
Lewis in his discussion, I showed a simple graphical method by 
which the most advantageous relation between the addenda of the 
driving and driven gears may be found, the angle of friction being 
as known. 


There is, however, another statement in the paper just read 
which, I think, would be an injustice to myself, were I not per- 
mitted to correct the same. I refer to the mention of my bevel 
gear cutter in relation to the faulty action of the involute system 
of gearing, when the pinion has a low number of teeth. With 
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the machine in question, pinions with as few as 12 teeth can be 
cut with entire freedom from this fault. When both gears are 
equal, the number can be reduced to 15 without any interference 


whatever, since 15 teeth mitre gears correspond in form and action 
with 21 teeth spur gears. With 15 teeth mitre gears there is, 
therefore, even theoretically, no fault. By experience, I have 
found that with a reduction of the number of teeth of mitre gears 
to 12, the fault which now exists in theory is so small that it es- 
capes detection. The case is, however, different when a pinion 
gears with a larger wheel. But in this case, the fact that bevel 
gears are never used interchangeably, but are invariably made in 
pairs or triplets, permits the application of an expedient which 
obviates the difficulty. It consists in reducing the addendum of 
the wheel, and increasing that of the pinion correspondingly. 

The difficulty only exists when blanks are sent for cutting which 
are turned by machinists who omit to take this precaution. 

Mr. C. A. Smith—In making a few remarks concerning this 
paper, I wish, in the first place to call attention to a few points of 
criticism directed to the Practical Treatise on Gearing, published 
by the Brown & Sharpe Mfg..Co. of Providence, I. I. 

In the foot-note on the nineteenth page of his paper, Professor 
Reuleaux mentions the difference between the obliquity (or its 
complement) adopted by the Brown & Sharpe Mfg. Co. and that 
used by himself (75°), which he also says is the one used by Pro- 
fessor Willis. This must be a mistake, since by referring to Pro- 
fessor Willis’ Principles of Mechanism, page 134, we find that he 
uses 75° for double curve teeth, but on the page just preceding 
this (133) he recommends 75$° for involute or single curve teeth, 
and gives his reasons for doing so. It is true that an angle of 75° 
is conveniently laid out on the drawing board by means of the or- 
dinary triangles; but the fact is that the men in the workshop do 
not use triangles to lay out work; some of the most common tools 
being the scribe awl, straight edge and dividers. When the angle 
is assumed whose cosine is } (75}° very nearly) the radius of the 
tooth curve may be obtained by simply bisecting, with a pair of 
dividers, the radius of the circle described on the pitch radius as a 
diameter, and as the formation of gear teeth must always be a work 
of the shop, rather than of the drawing table, the convenience of 
these proportions is at once appreciated by the “ practical man.” 

It is sometimes said that the work of laying out gear teeth, 
templates, ete., should not be done by the machinist, but ought to 
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be execnted by the draughtsman. This isa wrong idea, because 
the machinist has more practice in doing accurate work (those, at 
least, who are employed on such a class of work), and he should 
therefore be the one to do it, under proper instructions, of course, 
As far as the drawings are concerned, it is not good economy to 
attempt to draw gear teeth accurately. In most cases they need 
not be drawn at all, but when they are drawn, an outline formed 
by the eye will answer the purpose of a working drawing as well 
as though they were drawn theoretically correct. On the other 
hand, the draughtsman does often understand as little of the correct 
principles of gearing as the machinist. 

Referring to the foot-note on the last page but two, Professor 
Reuleaux again refers to the L?ractical Treatise on Gearing, by 
Brown & Sharpe Mfg. Co., and says that the case of the inter- 
ference of teeth on small gears “is ascribed to wide departure of 
circular ares,” ete., quoting almost the exact words given at the top 
of the twenty-second page, which reads thus: 

“This rounding occurs because in these gears arcs of circles de- 
part too far from the true involute curve, being so much that 
points of teeth get no bearing on flanks of teeth in other wheels.” 
This refers to the circular ares forming the tooth faces of the 
pinion. 

The criticism here is evidently an oversight, since no attempt 
whatever has been made to explain the cause of interference. 
Fig. 10, to which Professor Reuleaux refers, simply calls attention 
to the fact of interference. The statement above quoted from 
refers to the tooth faces of the pinion, Fig. 10, and has no refer- 
ence whatever to interference. The interference takes place at 
the flanks of the pinion teeth and faces of the gear teeth. To 
avoid this, the spaces between teeth on the pinion, below the base 
circle, are made as wide as is practically possible, as explained on 
the twentieth page. The remainder of the correction is made by 
rounding the faces of the gear teeth. An interchangeable set of 
involute gears cannot be made as low as 12 teeth without slightly 
altering the involute and making a combination tooth curve, unless 
the obliquity be increased, which again is objectionable on account 


of the increased friction which would necessarily accompany such 
a change. 


[ might even go further than stating that the above criticism is 

ill-founded, by saying that the explanation of interference, given 

by Professor Reuleaux, is not strictly correct, or that it is at least 
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very indirectly explained and difficult to understand by any one 
but an expert. To state the case briefly, let Cand D, Fig. 66, be the 
base circles of a pair of involute gears; /’ and /’ the pitch circles ; 
GH the line of contact (not “the curve of contact”). AG and 
HB are perpendicular to the 
line of contact HG, and hence 
the latter is tangent to the 
base circles at Gand //. The 
greatest possible line of con- 
tact obtainable with the in- 
volute tooth is the line G//, 
the contact commencing at 
G (when the wheels rotate as 
indicated by the arrows) and 
at the root of the involute 
A, and ending at Hand 
the root of the involute -/. 
The points G and J//, there- 
fore limit the addenda, which 
cannot be greater than MH 
and GZ respectively. If the 
Fig. 66 addenda are made greater 
: than this limit, then the teeth 
must be “corrected” to prevent them from interfering, or from 
being “ undercut.” 

se teeth will not even work “ geometrically correctly ” (as 
stated by the author of the paper under discussion) after the point 
of contact has passed the point 7. While the point of contact J 
is between // and G, the involutes J and are in external contact, 
so to speak, the wheel A driving the wheel B. After contact has 
passed H, as shown at JV, the involutes are in internal contact, and 
the wheel A can no longer be the driver, so that to drive “ geo- 
metrically correctly,’ the wheel #B would have to become the 
driver, otherwise curve A, would simply move away from the 
curve -/,, the opposite branch of the involute J or J/;, with which 
it is now supposed to be in contact. It is easily seen that the 
second branch -/, of the wheel & will always be in internal contact 
- with the first branch “A, of the wheel A, since the radius of cur- 

-vature, NH, of the former curve is always less than the radius of 

curvature, NG, of the latter. 

After explaining somewhat in detail the cause of interference, 
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and drawing his conclusions, the author says, on his nineteenth 


. page: “Practice sustains this deduction. . . . A jog is soon 
worn into the teeth of the pinion just inside of the pitch circle, 
_ and this wear is solely due to erroneous design of the profiles, 
even though they be cut with ever so much accuracy.” On the 
— last two pages he shows correctly that the wear on all gear teeth is 
greatest inside of the pitch line—that the natural tendency is to 
“wear a jog in the teeth below the pitch line. This being true, the 

. fact that the teeth of a gear have “ jogs” 
evidence of interference or bad design, as above stated. If there 
is any interference, it will be discovered before the teeth have an 
opportunity to become worn, since they will not work until the 
interference is removed. 
In regard to Professor Reuleaux’s paper, as. a whole, 1 should 
_ like to raise the question as to whether it is correct, in calculating 


worn into them is no 


the friction of gear wheels, to take into 
account only the friction at the teeth ¢ 
In my opinion the friction at the jour- 
nals should also be taken into account, 
since this, as well as the friction at the 
teeth, depends upon the obliquity of 
action, and the obliquity in turn de- 
pends upon the form of teeth ; hence, 
to compare the friction of gearing hav- 
ing different forms of teeth, add the fric- 
tion for which the teeth are responsible, 
either directly or indirectly, should be 
taken into account. 

To illustrate more clearly what I 
mean, let us refer to the diagram Fig. 
67. I have here represented a pair of 
teeth whose axes or shafts are at A 
and B. ON is the normal to the teeth 
at the point of contact, 7. Let us 
suppose the gear A to be used to drive the gear # for the pur- 
pose of raising a weight, W. Now, it is impossible to apply a — 
force to the gear B directly at /. The driving force must be ap- 
plied at some point of the shaft A. We may suppose it to be a 
pulley driven by a belt, the working force being represented by 
CP. The diagram is so plain that I trust it needs no further 
explanation in detail. The only route for the power from the 
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point C, where it is applied, to the point /, where the useful work 
is performed, is by way of the shaft A, the teeth at / and the 
shaft 4, and in its transit, work is absorbed by friction at these 
three points—A, J, and B. It is evident that the result would 
be the same in principle, whether we consider the forces P 
and W to be applied in the plane of the gears or in different 
planes. First, then, the friction at A is proportional to the press- 
ure AH, which is the resultant of the normal pressure at the 
teeth (which we may represent by Q), to which A/’is made equal 
and parallel, and the applied foree CP = AG. But the normal 
pressure, () = AF, depends upon the obliquity, which is equal 


OP x OA CP x CA 
= 
@ 


AT x cos @ 


This equation shows clearly that Q varies inversely as the cosine 
of the obliquity. 

Second; the friction at J, of course, depends upon the pressure 
Q, and consequently upon 4. 

Third ; the friction at 2 depends upon the pressure 2, which 
is the resultant of the useful resistance, W = BL, and BK = Q= 
a function of 4 Hence there are at least three points at which the 
work absorbed by friction depends directly upon the obliquity, and 
this, of course, depends upon the form of teeth adopted. 

There are other minor points which have an influence slightly to 
modify the resultants A/Z and BM, one of these being the fact 
that the approaching friction is greater than the receding friction, 
a point just spoken of by Mr. Bilgram, and referred to by Pro- 
fessor MacCord in his Avnematics. I will, however, not dis- 
cuss these minor points at this time, trusting that what I have said 
is sufficient to make clear my general idea on the subject. 

There is a question incidentally connected with that of friction, 
which was suggested to the writer by a diagram * similar to Fig. 67, 
which may have an important influence on general theory of gear 
teeth. The fact observed was, that owing to the friction the force 
transmitted is necessarily variable, the immediate result of which 
would be to give an unsteady or fluctuatin 
quently produce more or less noise, however “ nice” the teeth may 
have been formed. Such a conclusion seems warranted by ex- 


¢ motion, and conse- 
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* American Machinist of May 1, 1886. 
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perience, as I have never seen a pair of gears which were free from 
noise at an ordinary speed of rotation. 
Mr. Allan Stirling.—I would like to call attention to a prac- 


tical difficulty in the way of spur gears for certain purposes. Those _ 


who have occasion to ride in elevator cages operated by spur gears, 
have noticed, of course, a peculiar trembling that there is to the 
eage. As far as my experience goes, this is inseparable from the 
use of spur gears for such purposes, and [ can readily see, in the 
demonstrations that have been made before us now, the reason | 
why this is so. If the friction at different points varies as has 
been shown, and when receding from the line of centers it is not 
so much as it is in approaching it, the different resistances due to — 
friction are variable during the contact of two teeth; and as the 
teeth enter and leave, there must be an appreciable difference in 
the velocity, which would cause this trembling action. So far as I 
know, it is impossible to overcome this difticulty ; and in order to 
get a smooth, gliding motion we are compelled to use a screw gear | 
or some other motive power. I merely wish to make this observa- 
tion in order to ask if any of the gentlemen can say that it is 
possible to make a smooth, gliding motion when using spur gears, 
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ON THE FRICTION OF NON.CONDENSING ENGINE s. 


BY R. H. THURSTON, ITHACA, N. 7" a 
(Member of the Society.) . 


THE assumption of the distinguished engineer, De Pambour, 
_ that the wasteful resistance of a steam engine consists of a constant 
“quantity, the friction of the unloaded engine, increased by some 
increasing function of the added load, has been accepted as cor- 
rect by probably all recognized authorities since his time. Call- 


ing £&, the resistance of the engine running free and under no 
- other load than its own friction, and calling FR, the resistance 
coming upon it as a useful factor of its work, and making / the 
oe efficient measuring the proportion of increased friction due to 
| the load, the total resistance to be overcome by the engine piston 
is thus 


So far as the writer has observed, it has never been questioned 
whether the quantity / is constant or variable, and no recent 
attempts have been made to ascertain its value by experiment. 

It has long been the intention of the writer to settle this ques- 
tion, which had for years existed in his own mind, and the op- 
portunity has recently been offered to do so, at least as that 
question affects the modern forms of non-condensing high-speed 
‘engines now so generally in use, especially for electric lighting 
purposes. The first investigation was made, at the suggestion of 
the writer and under his general direction, in the winter of 
1883-4, upon a “Straight Line Engine,” exbibited that year, at 
the Annual Exhibition of the American Institute, by the Straight 
Line Engine Co., of Syracuse, N. Y., and built by them from the 
designs of Professor John E. Sweet, the inventor of its special 
features.* The results were sufficiently exact and satisfactory in 


“The weal: was done with equal care and skill by Messrs. Mitchell and Aldrich 
graduates of Stevens Institute of Technology, of the class of 1884. 
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every respect to have been made the basis of the conclusions here _ 
to be stated ; but it seemed to the writer desirable that they should 
be checked by similar work upon another engine, if possible of 
a different make, before attempting to state definite conclusions 
of any kind. The opportunity to secure such a repetition of the 
investigation was offered, during the past winter, at Cornell Uni- 
versity, using a Straight Line engine, which could be fitted with 
a brake, and conveniently submitted to test. The engine is of the 
same make as the first described, but of a different size, and the 
results of the two sets of experiments are considered to accord so 


ATTACHING THE INDICATORS. 
Fig 15 


thoroughly as to justify publication. The following are the data 
and results of these two sets of determinations : 

The first of these two engines was built from designs brought 
out in the year 1880, of which illustrations may be seen in the 
Electrician of December, 1883. As is well known, the engine de- 
rives its name from the fact that, in its design, the attempt has 
been made to take all stresses through straight members, the 
frame thus being made to consist of two straight compression 
and thrust members, connecting the cylinder heads directly with 
the main pillow blocks, and giving a characteristic appearance to 
the whole machine. The valve gear is of the “positive” type, 
the expansion made variable by the introduction of a governor on 
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the main shaft actuating the eccentric, in the manner familiar to 
all who have seen the more common forms of high-speed engines. 
In the design of this governor, as throughout the whole engine, 
special care has been taken to provide against the impeding 
action of friction, the machine being intended to be as nearly 
frictionless as possible. The engine rests upon three points of 
support, and thus is not liable to be thrown out of line by any 
inequalities of foundation or bolting. When tested, the engine to 
be experimented with was simply set on blocking, and had no 
foundation ; but so well was it balanced, and so perfectly was its 


METHOD OF ATTACHING THE INDICATORS. 


alignment maintained, that it ran with absolute smoothness, and 
as steadily as if it had been given the heaviest foundation 
possible. 

For the purposes of test, it was fitted with a pair of carefully 
standardized indicators and a Prony brake. Cards were taken 
simultaneously from both ends of the cylinder, and at the same 
instant readings from the brake were obtained. A comparison of 
the power indicated by the diagrams and that shown by the brake 
gave a difference which measured the friction of the engine. 
During the trial, the engine, when working at its rated power, 
consumed, according to the indications of the diagrams, 28.2 
pounds of steam per horse-power per hour, or, probably, between 


Fig 
— 
| 
| 


35 and 38 pounds, allowing for the loss by cylinder condensation, 
not accounted for on the indicator card, a very excellent per- 
formance for an engine of but 35 horse-power. The action of the 
governor was extraordinarily perfect. The engine was adjusted 
to make 230 revolutions per minute under 90 pounds steam press- 


ure. The observers reported that it made the same number of 
turns whether loaded or unloaded, an evident impossibility with 
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a governor of this class, in which only approximate isochronism 
can be attained. The writer, to settle the question, counted the 
revolutions, minute by minute, with a hand-speed counter, and 
made it 230 revolutions with the whole rated load on the engine 
(35 to 40 horse-power), and 231 when entirely unloaded, the brake- 
strap being loosened until it could be shaken about on the pulley, 
by the hand, with perfect ease. This was repeated until no 
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question could longer exist in regard to the matter. The varia- 
tion with variable steam pressire was greater. 

The following are the di ata obtained from the brake and indi indi- 
_eator readings oy 


Number of Steam — > Indicator : | Friction per 
Card. | Revolutions. Peeanaré: Brake H. P. H. P. 4 cont 


232 j .B5 | 48 
229 | 9 ‘ 2. 34 
230 32 
230 
230 
230 
9: 30 
230 
230 
230 
230 
231 
230 
os 29 
9: 29 


229 
230 
230 50. 

230 5 55. 57.54 


Crm 


This engine was 8 inches in diameter of cylinder, 14 inches 
stroke of piston, having a rod 44 inches long between centers, a 
balanced valve with stroke of 2 to 4 inches, according to position 
of governor and eccentric, a fly-wheel 50 inches in diameter, 
weighing 2,300 pounds, the steam and exhaust pipes having diam- 
eters of 2} and + inches, respectively, and the whole machine 
weighing 24 tons. The space occupied by the engine was 9 feet 
4 inches in length, by 4 feet 8 inches in width, and 3 feet 10 
inches in height. 

Examining the above table of powers, it is seen that the differ- 
ence between indicated and dynamometrie power, the friction of 
the engine, varies somewhat with varying steam pressures and 
varying total power; but in such manner as to indicate the con- 
trolling cause to be irregular in action, and possibly to some ex- 
tent due to errors of observation and to accident. The maximum 
is four horse-power, the minimum about two horse-power. The 
usual difference is about three and the variations are irregularly 
distributed throughout the whole range of experiments. It is 
evident at a glance that the law of De Pambour does not hold, 


| 
| | 
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1 
> 
5 
16 
17 | 
18 
19 2.60 4.9 
20) 2.54 4.4 


and that it is as nearly correct to say that. the friction of engine © 
is constant as otherwise. The column of friction, as given in — 
percentages of the total power, exhibits the same fact. There is_ 
continual, though somewhat irregular, reduction of the percentage | 
of friction, throughout the range from the lowest to the highest — 
power, and very nearly inversely as the power exerted. This is’ 
best shown by the curve given in the accompanying plate (Fig. 23), 
in which a smooth line has been drawn to represent as nearly as" 
possible the mean of all observations. The power for which the. 
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PLAN OF ARRANGEMENT LOR ENGINE TRIAL 


engine is proportioned is 35 to 40 horse-power. At this power, 
the friction of engine is but about 6 per cent. of the total, or less 
than one-half that assumed by De Pambour, and accepted as 
correct by Rankine, for engines generally, and presumably for 
locomotives especially. The result is exceedingly gratifying, and 
seems to the writer extraordinary for so small an engine. 

The repetition of the experiment upon an engine of another 
make, having a cylinder 9 inches in diameter and a stroke of 
piston of 12 inches, which would naturally give a somewhat in- 
creased percentage of friction, in consequence of the proportion- 
ally smaller stroke, at 20, 30,50 and 65 horse-power, by brake, 
and running free, revolutions 300 per minute—a speed which may 
also have caused some increase in frictional resistance, not only 
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of engine measuring from 2.66 horse-power unloaded, to 4 horse- 
power at 20 to 30 horse-power, 4.8 horse-power at 50, and 5.3 at 65 
horse-power, the total friction increasing perceptibly, as assumed 
by De Pambour, but decreasing in percentage of load, from 16 to 
7.5, between 20 and 65 horse-power. It is very nearly constant 
throughout the whole range of power that the engine would be 
worked under ordinary circumstances, and may be so taken 
without serious error; while the adoption of the Pambour 
formula would give a value of 7 so small that its use would not 
be attended, ordinarily, with sufficient increased exactness to 
compensate for the additional trouble involved in its application. 
At their rated powers the two engines thus exhibit efficiencies 
of mechanism of about 94 and 90 per cent., respectively. 

The second series of experiments were made* during the latter 
part of last college year, confirming the deductions already given, 
while some very interesting and original modifications were made 
in the details of method and trial. The engine taken for test was 
a machine recently built and sent to the Cornell University for 
purposes of experimental investigation in electrical measurement 
and other work of the college. It is an engine 7 inches in diam- 
eter of cylinder and 12 inches stroke, or, more exactly, 6] inches 
in diameter; the cylinder having been bored slightly under size. 
The general plan of the engine is similar to the first of those already 
described, and, like that, is carefully designed with a view to re- 
ducing friction to a minimum, and giving a regulation of maximum 
efficiency. The brake was precisely like that used in the first de- 
scribed experiments, and was built for the engine constructed in 
the college workshops, under the direction of the inventor, and 
exhibited at the Centennial Exhibition in 1876. It was construct- 
ed by the Straight Line Engine Co., and adapted, with very little 
alteration, to the new engine. The indicators were carefully 
standardized and put in good order in every respect, by the 
makers, for the purposes of these investigations. The reducing 
mechanism used in connecting the indicator barrel to the cross- 
head of the engine was designed and built by the observers, and 
fitted with a very firm connecting arrangement, and with an in- 
genious detaching device. A sector was constructed which was 
pivoted above the cross-head, and hung in the vertical plane above 
the latter, the engine being horizontal. The are of the sector car- 
ried a pair of steel ribbons, one attached to each end, each carried 


* By Messrs. W. A. Day and W. H. Riley, at Cornell University. 
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around the are and secured, at its opposite end, to the end of a 
bar fastened on the cross-head, in such manner that, the two ends 
of the ribbons at the cross-head bar being well secured and tightly 
drawn up, by means of screws placed conveniently for the purpose, 
all back-lash was prevented, and an absolutely exact synchronism 
of movement of indicator line and cross-head was obtained. The 
engine was driven at 285 revolutions per minute, and it Was 
therefore very important that this rigidity of connection should be 
secured. A smaller sector at the upper part of the larger one was 
the carrier of the cord, and the combination was thus a perfect 


Was piano wire, a material much less liable to cause difficulty by 
stretching than any other that was available. Its free part was 
kept taut by a “spiral” (helical) spring, attached beyond the 

- point of connection with the paper cylinder. 


In the first of these experiments, as already described, Thomp- 


It was hoped that the new Tabor indicator could be 
used also, but none were received in time. The instruments used 
worked perfectly, and gave no trouble from beginning to end. 
~The speed indicators were of several kinds. Hand instruments of 

two or three kinds were used to check the records of the auto- 
matic instruments. <A “tachometer” was attached and belted to 
the engine shaft, and afforded a very convenient means of watching 
the momentary fluctuations due to variations of load, of steam 
pressure, and of accidental disturbances. A chronograph was also 
attached, connected with the standard clock in the physical lab- 
oratory, to beat seconds. A commutator was placed on the 


engine shaft, making contact at each revolution, and a key near 
the engine, for the purpose of breaking contact. A Brown mer- 
cury speed-indicator served excellently well for a constant speed- 
indicator. It exhibited instantly any variation of speed from the 
normal. The chronograph was set in operation when the indicator 
vards were taken, and thus gave the exact speed of the engine at 
that instant. Great care was taken to keep the instruments, and 
the engine as well, in good order and well lubricated throughout 
the series of experiments. Some stiffness of the governor, how- 
ever, the cause of which was not discovered until after the work 
had been completed, caused it to work less perfectly than in the 
engine first used, and the speed varied more than in that series of 
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determinations. When the governor was in its most perfect ad- 
justment, the engine was capable of holding the standard speed 
within a fraction of one revolution throughout a wide range of 
work, and nearly down to the lowest power that such an engine 
is at all likely ever to be called upon to supply. | 
a 


oo, 


-P=29.8460- 


108734 


Fria. 19. 


:. The mean effective pressure required to drive the engine alone, 
loaded and unloaded, throughout the whole range of the trials 
here made, was 4.55 pounds per inch of piston, and was nearly 
constant, as in the first investigation. The steam pressure usually 
ranged between 65 and 75 pounds per square inch at the steam 
chest, but, when it was desired to secure a card to be more easily 


> 
= 


| ON THE FRICTION OF NON-CONDENSING CE, 95 


_worked up, the pressure was dropped to 20 pounds. A series of 
- special experiments made to determine the question whether the 
friction of engine is variable with boiler pressure, although notin all — 
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respects satisfactory, indicated a s'ight increase in engine friction 
as steam pressures rose. The conclusion already arrived at by the 
writer, as deduced from the work previously done, that the engine | 
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friction in this class of steam engine is eonstant, or sensibly so, 
under all loads is thus here again confirmed. The following are 
the data obtained, arranged as before, to exhibit the relations of 
the indicated to the dynamometric power : a : 


2 | a 
| 


4. | 5. 
No. of | Rev. per 
Card. | Minute, | St. Press. | 


Brake Power. Ind. H. PPI. Diff. Frict. | Mean F. | Frict. 
um. P. per card. H. P. Press. | per cent 


282 
288 
286 
284 
285 
284 
284 
280 
279 
280 
280 


Co 


= 


The first glance at column 6 or at column 7 of the above table, 
in which the horse-power absorbed by the friction of the engine, 
and the mean effective pressure corresponding to that power are 
presented, shows that, as already concluded, the resistance of this 
class of engine at constant speed, is practically constant at all loads, 
and that the differences and irregularities observed are due to acci- 
dental causes. The variation of speed recorded here is in some 
cases due to differences of steam pressure, partly purposely pro- 
duced, and partly comiug of the fact that it was necessary to take 
steam as it could be obtained, and was impracticable to secure 
steady pressure, and in other instances was due to the fact, after- 
ward cliscovered, that the governor had been adjusted in such 
manner as to be slightly cramped, and thus deprived of its won- 
derful sensitiveness and accuracy, as exhibited before this defect 
had been introduced, and after it had been remedied. Chrono- 
graph records, made later by Professor Anthony, exhibit the 
most extraordinary smoothness. 

These variations of speed served the useful purpose of calling 
attention to the fact that the engine friction varied, at constant 
load and speed, with variation of steam pressure, and to a very 
noticeable amount, within the usual range of pressures met with 
in practice. It is seen that, in rising from 19 to 76 pounds steam 
pressure, the pressure demanded to give the engine its normal 
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speed unloaded ranged from below 4 to above 5 pounds per 
square inch of area of piston, the pressure required in the eylin- 
der rising, on the whole, though irregularly, as steam pressure rose. 
In order to determine whether this, which might prove to be a 
hitherto unobserved law, were true, the following data were ob- 
tained by a series of experiments made for the purpose of set- 
tling this new@yuestion. 


No. of | 
Card. 


*TeSs. 


Rev. St. Press. 1. H. P. Mean Press, Moan F- 


~ 


Ten pounds on 
the brake. 


No load on the 
brakes. 


oo 


1 
11 
12 
12 
14 
1 


In the first set of experiments, here numbered 1 to 9, inclusive, 
the weight on the brake arm was kept constant at ten pounds ; 

in the remaining experiments all weight was removed. In both 

sets, the same general effect is seen. As the steam pressure rises, 
the speed being the same and the resistance the same, the fric- 
tion of the engine increases ; from 2 pounds, at 25 pounds press- 
ure in the steam chest, to nearly five pounds per square inch of 
piston at the maximum, 82 pounds steam in the valve-chest. As 
the steam pressure fell from this point to 15 pounds, in experi- 
ments 9 to 17, the load being thrown off entirely, and the speed 
being nearly constant, the mean pressure, measuring the friction, 
of engine, falls again below 3 pounds per square inch of piston. 
The difference is considerably less in the last series than in the 
first; which apparent discrepancy is accounted for by the fact 
that the variation of steam pressure in the first series was ac- 
companied by a greater change of speed of engine than in the 
second, The resistance is seen to increase slowly, therefore, 
with increase in speed of rotation. The effect of change of press- 
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ure is, in these cases, more marked than that of alteration of 
velocity of the engine. 
The accompanying illustrations show the apparatus and exhibit 
the facts revealed by the investigations which have now been 
described better than can the text. Fig. 15 shows the method of 
attaching the indicators, with an elevation of the engine cylinder 
and section at the cross-head; Fig. 16 exhibits the game arrange- 
ment in plan; Fig. 17 gives an enlarged view of the reducing 
— mechanism and attachment to the cross-head; Fig. 18 is an out- 
line plan of engine and surroundings, exhibiting the location of 
instruments; and Figs. 19 and 20 represent characteristic dia- 
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LINE PRESURE OVERCQME 
THE FRICTION OF THE ENGINE UNDER VA- 
RYING LOADS, | | 
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grams obtained by means of the indicator, showing the varia- 
tions of steam distribution with variations of load on the brake. 
Aid these illustrations refer to the work of later date. Figs. 21 
and 22 are given to exhibit the method of variation of mean fric- 
tion pressures with variation of load, the variation of the per- 
centage of friction resistance as a fraction of total resistance with 
varying loads, for the last investigation ; and, for comparison, the 
‘same ratios, as obtained in the work done at the American Insti- 
_ tute Exhibition, are giyen in Fig. 23. These last curves are seen 
to be approximately hyperbolic ; while the first given is a straight 
line. The originals of these curves were carefully plotted by 
‘Messrs. Day and Riley, from the records of original observations, 
and beautifully represent the laws whiclr it was the object of 
these investigations to reveal and establish. 

After a survey of this work, it may be asked, How does it 
happen that rise in steam pressure produces evident increase of 
the frictional resistance of the engine? It was long ago shown 
_ by the writer, and is now well established by many independent 
a investigations, that, with good lubrication, increase of pressure 

- On a journal gives decreased co-efticients of friction, and this 
would seem to show that the friction of engines in which the 
resistance caused by friction is mainly due to journals and lubri- 
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‘eated surfaces, should become less as pressures increase, the 
useful load and the speed of engine remaining constant. This 
query is a very natural one, and is based upon a correct state- 
ment of fact, however inconsistent it may seem to be with the 
results above derived. The cause of the apparent discrepancy is 
attributable, probably, to the variation produced by the action of 
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POWER REQUIRED TO OVERCOME 
THE FRICTION OF THE ENGINE 
UNDER VARYING LOADS. 
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the effect of increase of steam pressure is to cause acceleration of 
speed of engine, a change essential to produce the action of the 
governor at all, and that it results in the readjustment of the set 
of the valve in such manner as to cause the greater proportion of 
the nearly constant amount of work performed to be done wore 
nearly at the commencement of the stroke, at a point in the orbit 
of the crank-pin at which the work is mainly lost by friction, and 
to reduce the proportion of total work done at or near the “ half- 
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- center,” where it is principally useful. The proportion of useful 
to lost work is thus varied in such manner as to give a mean 


final result which is the less favorable as the steam pressure is 


higher, and the cut-off shorter, giving a higher ratio of expansion. 
It is also evident that, if this explanation is correct, the difference 
here noted will be less as the point of cut-off approaches and 
passes the half-stroke position of piston and cross-head. Could 


the valve be set with negative lead for all positions at the point 


of cut-off, as is considered right by some experienced engineers, 


the work would be more nearly performed at positions removed 


T 
Fig} 23 
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from the “dead points,” and the variation here described would 
] 
be thus reduced, while the efficiency of the engine would be 
increased. 
Professor Rankine proposed the formula, 


This formula is evidently inadmissible, at least for the class of 
engine which was made the subject of the experiments which 
have been here described. Since the friction of engine is, so far 


as can be here seen, sensibly independent of the magnitude of 
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the load and of the resistance produced by it, the correct formula 

would seem to be : 

R, + Rk, 

the total resistance met at the piston being the sum of the resist- 
ance of the engine itself and that of the load, both being deter- 
minable, both being independent, and being governed by entirely 
different laws. 

The conclusions to be drawn from what has preceded are 
obviously the following : 

(1.) The friction of the non-condensing engine, of the class here 
described, is sensibly constant at any given speed, at all loads, 
and is at different speeds entirely independent of the magnitude 
of the load. 

(2:) The friction of engines, of the type described, is variable 
with variation of speed of engine, increasing as speed increases, 
in some ratio as yet undetermined, but probably different with 
every engine, and, for the same engine, with every change of con- 
ditions of operation. 

(3.) The friction of engines increases with increase of steam 

_ pressure, in the case of the class here referred to, in a probably 
similarly variable manner with that observed with alteration of 
speed, neither method of variation being capable of representation 
by any convenient algebraic expression. 

(4.) The total resistance, measured at the piston of the engine, 
is composed of two parts, the one sensibly constant at the work- 
ing speed, the other variable with external load, and may be, for 
practical purposes, at least, represented by the expression, 


in which F# is the total resistance, as shown on the indicator 
diagram, /?, the resistance due to the external load ; ¢. g., as meas- 
ured by a Prony brake, and /2, the resistance of the unloaded 
engine, as shown by a “friction card” taken with the steam- 
engine indicator. 

It is sufficiently obvious that these coiclusions are, at present: 
at least, only certainly applicable to one class of engine. It is | 
not improbable that the condensing engine may be subject to 
quite different laws. It is to be hoped that this question may be 
settled by direct experiment at an early day. The custom has 


obtained, hitherto, of allowing a certain pressure per square inch 
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_of piston as the equivalent of the friction resistance of the engine 
in marine practice—this pressure being taken at from 25 pounds 
in the case of engines of moderate size, to 1} with the largest 
~ engines. It has never yet been ascertained whether, or to what 
extent, the friction of engine is augmented by the imposition of 
load. The assumed figure represents from 5 to 10 per cent., usu- 
ally, of the total indicated power of the engine. Isherwood has 
taken 7} per cent. of the useful load as the amount of increase of 
friction of engine due to its action. This estimate is stated to be 
~made on the basis of the data given by General Morin, whose co- 
efficients for friction of lubricated surfaces are now known to be 
enormously larger than those customarily met with in practice in 

well lubricated journals of large size working under heavy press- 
ures. In such cases, when the surfaces are in good order, the co- 
efficient is known to fall to below 1 per cent., instead of being from 
3 to 5, as given by Morin, as determined under the different con- 
ditions of his experiments. Where the journals are not well 
_ lubricated, and especially when they are rough or cut by abrasion, 
friction may increase enormously and may pass far beyond the fig- 
ures given by Morin even; but such exceptional conditions can- 
not be taken into account to establish laws for application in 
design, or in good practice. For all cases in which the friction 
varies, as in the examples here above illustrated, the “ friction 
~ eard” sensibly represents the correct tare, whether the engine be 
loaded or unloaded. 

-_ A word in explanatien of the fact here shown, that the increased 

load thrown upon the shaft, crank-pin, and cross-head journals 


does not noticeably increase the friction of engine, will be consid- 
ered not out of place here. The friction of engine consists of the 
resistances due to the motion of the various piston, valve, and 
other rods through stufting boxes and in guides, the friction of the 
piston rings on the cylinder surface, the friction of eccentrics, and 
often other parts, which are independent of the magnitude of the 
load thrown upon the engine by the useful resistance, in addition 
_ to the friction of the journals transmitting the effort of the steam 

to the exterior resisting work, and of the cross-head guides and 
other parts indirectly affected by its variation. It thus happens 
that the resistance due to the friction of the latter may be, and 
often is, but a small proportion of the whole friction of engine. 
- The total friction of engine, as has been seen, in engines of the 
7  elass here studied, and of the sizes described, amounts to about 10 
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per cent. of the total power developed when fully loaded ; but the 
coefficient of friction of any one journal, if well lubricated, has 
been found by the writer, by hundreds of experiments, under such 
pressures as are usual on the main journals of the steam engine, 
to fall below 1 per cent., and the absorption of work and energy is 
thus a still lower proportion of the work of the steam in propor- 


tion as the speed of rubbing is less than that of the piston. The | 
loss of power along the line of connection is thus exceedingly : 


small. It should never exceed probably 2 per cent. of the work 
done, or between 10 and 20 per cent. of the total friction. Again : 
the coefficient of friction, within the usual range of pressures on 
these journals and the guides, with good lubrication, increases 
rapidly as pressures fall, and decreases as greatly when the press- 


ures increase with variation of engine power and load, and this 


often occurs so rapidly that the total frictional resistance, on these 
parts, even, varies very slowly with variation of load; while the 
friction of the other portions of the engine, above mentioned, 


remains quite constant. The resultant effect is, as shown by the — 


investigation here described, a practically constant friction of 
engine under all loads, the speed and steam pressure being con- 
stant. Whether this is true of condensing engines is doubtful, 
and it would be an important extension of this research could 


similar investigations be made of the friction of other forms, and — 


especially the marine steam engine and pumping engines. 


DISCUSSION. 

Mr. George IT. eeielt)- Prof. Thurston’s paper touches a very 
interesting and important subject, and furnishes a valu: ible contri- 
bution to steam- engineering data, 

I wish to offer some figures obtained on my tests of a 45 HP. 
Westinghouse engine running at a speed of 350 revolutions per 
minute, which gave results of a similar character. 

The indieated horse-power developed by the engine, when run- 


ning wnloaded, was 6.1 HP. The difference between the brake 


HP. and indicated HP., when the latter was 44.5, was 6.1.: when 


the indicated HP. was 34.6 the difference was 5.6, and when the | 


indicated HP. was 25.3 the difference was 6.3. 


The following table presents similar results obtained on a Corliss — 7 


engine in France, reported in the Budletin de la Société Industriclle 
de Mulhouse ; Dee ember, 1878: 
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| 
Difference. 


Prof. R. H. Thurston.—Two or three points come up in the 
paper here which are of particular interest to me. One is the vari- 


ation of the friction-resistance with speed of engine. In this in- 
stance it was shown very clearly that as the speed varied the resist- 
ance varied, and the variation of total resistance of engine was, in 


load, from 275 to 300 revolutions, an appreciable increase of resist- 
ance would occur, of such importance as might modify the commer- 
cial economy of the engine to a very observable extent. 
‘Then another thing came out: that the method of distribution of 
steam affects the friction of the engine vastly more than the mag- 
nitude of load. Assuming the two cases again tor comparison : we 
take a friction card from the engine; then take a card with full 
load, and we do not find very much difference; we may even find 
the friction in the second case smaller than in the first. Now, if we 
drive the same load with low steam, and again drive the same load 
with high steam, we at once produce a difference in the method of 
distribution of steam in the engine. In the first case the mean 
pressure approximates more closely to the maximum pressure. 
We carry out the boiler pressure farther in the stroke; we cut off 
“longer” than in the other case, where, with high steam pressure, 
we cut off short, and expand very considerably, and get a greater 
difference between the maximum pressure in the cylinder and the 
mean pressure. In these two cases we find a marked difference in 
the amount of friction in the engine. With low steam, the fric- 
tion of engine was very considerably less than with high steam, 
and { have presumed this difference to be accounted for by the 
fact that where we carry a high steam pressure and cut off short, 
- the high pressure takes effect on the engine as it passes—or very 
soon after passing—the centers, and while the crank is sweeping 


through a large arc, and a considerable amount of work is done in 
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friction, while a small amount is done in actually moving the load. 
Thus, by that method of variation we may change the method of 
distribution of friction of engine, and change its gross amount to 
such an extent that there we may find that, by carrying high 
steam, we may go beyond the point that represents maximum 
economy, by the simple fact of introducing this wide variation of 
steam pressure. 

I would add to this the suggestion that members may find it 
of interest to note the point which it is desired to bring out with 
special clearness: that in every engine the friction of the engine 
does not consist solely, or even in large part, of the friction of 
rotating parts and that produced by pressure upon those parts; it 
consists of friction at several points varying in kind, and in 
method of variation, or in law, and it is the sum of these that we 
measure up when we take a friction card from an engine. Now, 
The friction of the piston 
rings against the interior of the cylinder is often a very considerable 


some of these are absolutely constant. 


proportion of the total friction, and that friction, where there is no 
leak past the rings, is probably constant under all loads, but perhaps 
The friction that varies with a load is simply the 
friction of journals under pressure due to the load, 


‘not at all speeds, 
For example, 
the main shaft journals not only carry the weight of the fly-wheel 


and the pull of the belt, but also a certain amount of pressure 
due to the transmission of work through them. The crank-pin 
- takes a certain amount of friction due to the pressare of the crank- 
pin, due to the connecting rod operating on the journal, and that 
of course will change in magnitude with variations in load ; and the 
But all the other 
journals of the engine, and all the other parts of the engine that 


same is true of the wrist-pin at the cross-head. 


move, are subject to other laws, simply because they do not transmit 
load. So that it is extremely possible that all these other frictions 
taken together may have a constant value under all conditions; 
while the other quantity which De Pambour mentions, is a quan- 
tity which, if measured, we find to be comparatively small ; and in 
a well-proportioned engine, one with parts well lubricated, you will 
find that the friction of the main shaft journals, the friction of 
the crank, the wrist-pin and the slides, taken together, make a 
comparatively small fraction of the total friction of the engine. 
Consequently we might have—assuming that friction to vary as 
assumed by De Pambour, and by writers subsequent to him— 
we might have a variation under that law that nevertheless should 
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not affect the total friction so greatly as to become practically im- 
‘ portant. Now, the fact is, that although this friction does exist, 
when we put more load on the engine, increasing the pressure 
on all these journals, the coefticient of friction goes down while the 
"pressure goes up. The coefficient decreases continually and tends to 
reduce the total friction, and the result of these two variations in con- 
trary directions is to produce such an effect, that it was supposed by 
one gentleman who has spoken to me about it, to result in a neu- 
tralization of the two opposing elements, and in constant frictional 
resistance under these variable conditions as to pressure and load. 
The fact is, usually, that an increase of total friction does occur to 
a slight extent: that is to say, the decrease of the coefticient of 
friction does not occur to so great an extent as the increase of 
_ pressure, and consequently there is a slight, and in these cases, a 


-yariable amount of added friction in consequence of the increase of 


load on the engine. It is easy to see that such cases may arise, and 


that the increased friction of engine, due to this varying load, may 
be overlooked entirely in our treatment of the engine, and the en- 
gine of a particular make may show that assumption to be a perfectly 
fair one; but it does not follow that this would be true of another 
engine that we may not have experimented with. I presume it is 

— true for condensing engines, where we are handling a large amount 
of water subject to the laws of fluid resistance. 

Mr. Wm. Hent.—It seems to me that experiments in the direc- 
tion of reducing friction ought to be largely in the direction of 
trying to reduce the friction in the cylinder; as we have now de- 

termined that in these engines at least the friction is a constant 
quantity, the probability is that the largest portion of that friction 
is due to pushing the piston through the cylinder. I think experi- 
ments should be made in the direction of reducing that friction by 
determining the kind and size of rings and the method of pressing 
out these rings. 

, Mr. Geo. [. Alden.—I would simply say that this question was 
considered at the Free Institute at Worcester by one of the students 
in the last class, and the results, so far as we could judge of them 

from the limited experiments made, were in the same direction, 
namely, that the friction was substantially constant with the various 
loads, 

Mr, A. F. Woljf.—It seems to me that the general practice of 

engineers in the measurement of power is of itself testimony to the 
general correctness of the fact that with the same initial pressure 
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and the same rate of revolution, the friction of engine is almost 
independent of the load that is put upon it. Of course in the 
measurement of power it is a common practice to take the card 
with the engine loaded, and afterwards to take the “ friction 
card” with the same initial pressure and the same rate of revolution, 
If there were any great variation in the friction of engine, if loaded 
or not, or if it had been considered of late years that any great 
variation existed, it seems to me that the course of power measure- 
ment ordinarily pursued would have been entirely unjustifiable. 
But on this very account I consider it of importance and value that 
we have had special experiments made by Prof. Thurston exactly 
in that line to corroborate the practice which has existed in the past 
few years, 

Mr. I. PR. Towne.—There is one point which Prof. Thurston’s 
remarks on the difference in the distribution of steam suggests to 
me; there will probably be a very considerable difference in the lu- 
brication of the main journals, in one case, under constant conditions 
of pressure, and, in the other case, subject to intermittent conditions 
of pressure. In the latter case there is a liability to partial or com- 
plete expulsion of the lubricant from between the two surfaces 
during the moment of high pressure, and a probable increase, 
therefore, of the sum total of friction beyond what there would be 
in the previous case, 

Professor Thurston.—\ presume, Mr. President, that the effect 
of a variable compression would be to modify somewhat the dis- 
tribution of frictions in the engine, and the final result; but, from 
the fact that in this whole range of experiments we have not been 
able to produce any appreciable variation in the total friction of 
engine, I should say that that change, whatever it might be, would 
not be an important one. It is a matter that should be deter- 
mined by direct experiment. I do not feel able or willing to say 
positively what would be the difference in the two cases. I should 
perhaps expect that a variable compression would produce a 
variable friction ; it might be studied in comparison with another 
form of engine. It is a matter that cannot be settled positively, 
except by direct experiment made especially to determine that 
point. 

In regard to another case, that where a balanced valve is used, of 
course it does to some extent make a difference in the character of 
the friction and its magnitude. With an unbalanced valve, or a 
partially balanced valve, such as we had here, the total friction of 
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valve is less of course in the case of the balanced than of the unbal- 
anced valve, but the nature of the friction is precisely the same; 
and so far as the law of variation of engine is concerned [ imagine 
the fact is not important. If it has any importance, it is in the di- 
rection of the production of constancy of friction under all loads at 
a constant speed and still greater variations of friction under all 
variations of steam pressure. I have not much doubt that the fric- 
tion of the common slide valve, as ordinarily operated, is an appre- 
-ciable quantity in measuring up the total resistance of engine. 

I said that the law of the condensing engine might be, and that 
I presumed it would be, different from that of the non-condensing 
engine, referring, of course, to the ordinary forms of condensing en- 
gine. Where there is an independent air, or circulating pump, I 
should expect that the engine itself would go on about its business 
without really being aware whether it had a condenser or not, and 
would be subject to the same laws as any non-condensing engine ; 
but, actually, the friction of all these details should be taken in as 
a part of the friction of the engine. Those parts certainly will 
be subject to those laws which govern resistance due to motion of 
fluids and the introduction into the engine, whether by an inde- 
pendent system or by an attached system, of air pump or circulat- 
ing pump, would introduce these new resistances—resistances fol- 
lowing different laws from those found in the non-condensing en- 
gine ; and I should expect, there, that the law of fluid friction, the 
resistance varying as the square of the velocities through the pipes 
and through the valves, wonld become so important a matter as to 
produce a difference that would be quite perceptible in the method 
of variation of total resistance. We know that the load upon an 
ordinary condensing engine, in the operation of its own air pump, 
and of its circulating pump, is a very severe tax; it is a quantity 
which must be variable with speed of engine. With constant 
speed of engine under variable load, as in a_ stationary en- 
gine driving a miil, and subject to the action of the regu- 
lator, you would have another variation due to the fact that 
with the same apparatus, the same set of valves, the same pumps, 
the engine is using different quantities of condensing water, and 
consequently the rate of flow through the pumps and pipes is 
continually varying. If one-half the power is used, one-half the 
amount of condensing water will pass through this system; and 


that means half the speed of flow through the pipes and pumps ; 
and that means one-quarter as much resistance due to their fric- 
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tion. Thus,although the direct train of mechanism from piston to 
crank shaft would be subject to exactly the same laws as in the 
other case, the machine as a whole, in which we should include air 
pumps and circulating pumps, whether independent or not, would 
be subject, I presume, to a different law, and to a law which 
would, perhaps, be more exactly expressed by De Pambour’s state- 
ment, 

Mr. John T. Hawkins —In the experiments given, it would be 
well, I think, if they were extended so as to cover some of the 
varying conditions under whith such engines run, both in practice 
and under experimental tests, such as these, which would, I think, 
be somewhat likely to modify the results obtained. 

It would appear probable, for instance, that the action of the Prony 
brake, when applied with the arm in the horizontal position and its 
effort vertically downward, would be to lift the main shaft in its 
bearings as the load is increased, and thus diminish the friction in 
its journals; and, in fact, this action of the brake might be such as 
to cause, not only an entire release of pressure of the shaft upon the 
lower half, at a certain load, but to cause pressure upward at a still 
greater load. With the brake-arm vertical, and its effort exerted 
horizontally at the end of the arm, the result of increased load 
would be to increase proportionally the horizontal pressure in 
these same journals without affecting the vertical pressure. Some- 
what similar varying conditions might, I think, possibly result 
from main driving belts leading in different directions, vertically 
upward or downward, or in horizontal directions, or at certain 
angles. This, however, is not so clear. 

Again, it is very certain that the friction of the cross-head 
guides is no very insignificant fraction of the total friction of a 
horizontal direct-acting engine; and equally palpable that, where 
an engine is ranning under—in which case the pressure upon the 
guides due to the angularity of the connecting rod is upward—the 
friction due to the weight of the parts must be obliterated before 
any pressure will be exerted upon the lower side of the guide; in 
other words, the weight of the parts compensates to that extent 
for what would otherwise be friction on the under side of the 

guides; while, if ranning over, increase of load would increase the 
friction at the guides proportionally to the pressure on their upper 
side. 


It would, therefore, appear to be certain, for instance, that, in 
an engine running under, and in which the power was absorbed by | 
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_ a Prony brake with horizontal arm, the friction of the load would 
~ vary ina different way from one in which it was run over with the 
- brake-arm vertical. The quantity by which it would be varied by 

these conditions can hardly be so insignificant as to warrant their 

being neglected in any investigation of this kind, but is probably 
of sufficient magnitude to render the first conclusion incorrect for 
one, if correct for the other set of conditions; although the figures 
in column 6, on the fifth page of this paper, varying, as they do, from 

2.06 to 5.78 HP., do so sufficiently and irregularly enough, per- 
haps, to include as much or more than would come from the con- 
_ ditions above described. For the above reasons, therefore, 1 am 
inclined to believe that the conclusion No. 1 of the paper would 
not be substantiated under more exhaustive experiments, although 
qualified as it is by the word “ sensible,” and that we could hardly 


expect to set aside Pambour’s long-accepted conclusions without 
more exhaustive experiments covering all such variations in the 
circumstances under which the engines run, as I have attempted to 
explain, 
Prof. R. H. Thurston.—Referring to the remarks of Mr. Hawkins 
calling attention to the effect of the brake in adding to the pressure 
on the main journals, and thus influencing the results of the tests 
—as reported, I would simply suggest that a quantitative statement 
be worked out, of the precise amount of this effect for the case re- 
ported. It will, L think, be found that the pressure to which he calls 
attention amounts to but one pound to the horse-power, and when, 
as is usual in all my work or work done under my instructions, the 
load is measured by the action of the end of the brake-lever upon 
_ platform scales, the effect is simply to counteract more or less com- 
pletely the weight of the brake-strap on the pulley, and that the 
net effect is too utterly insignificant to be noticed. Even where 
~ the brake-lever pulls upward on a spring balance, as is often the 
case, the effect is too minute to affect such results as are here re- 
<A ported. Were the effect observable, it would produce a change in 
a ‘the direction indicated by De Pambour, and the absence of such 


observed effect is simply more strongly corroborative of the con- 


such proportions of brake as were here used, and with such as are 
customarily employed, no such action as is suggested by the last 

_ speaker would ever be in the remotest degree approximated. The 
position of the brake-arm and the weight acting at its end are of 
no importance whatever here. The action, or the results obtained, 


» clusions obtained from the trials described in the paper. With 
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would not have been affected observably, I am sure, by any change 
in position of brake-lever. 

I should expect the same to be true of the action of friction on 

the guides. The weight of parts, and the friction there, are too 
small in amount, too insignificant, to affect the final results appreci- 
ably, no matter whether the engine runs * over” or “ under.” It 
must be remembered that the friction there is never, in well-pro- 
portioned and well-lubricated engines, more than a small fraction 
of that supposed by De Pambour; imstead of five per cent. or 
something like it, as has been assumed by those who have accepted 
Morin’s coefficients, it is, or ought to be, in all cases of smooth- 
running and well-oiled surfaces, inside of one per cent. ; while the 
pressure at that point is a very small fraction of the piston pressure, 
unless the length of rod be extraordinarily small. In the engine 
on which this work was done, the rod was of good length, and the 
surfaces as frictionless as possible. Again, about all the engines in 
use run “over,” as did this engine, and, even were the results 
likely to be affected by such difference of adjustment, the conclu- 
sions here obtained would probably be applicable to ninety per cent. 
of all such engines in use—perhaps to ninety-five, or more, per 
cent. 
While I agree fully with the speaker in thinking that we should 
derive great advantage, as | have myself suggested, from extended 
and repeated investigations of this kind, I doubt, I entirely dis- 
believe, that the conditions to which he calls attention will be 
found to affect the conclusions already reached, to any important 
extent. 

Since writing* the paper which has been presented to the So- 
ciety, my attention has been attracted to a paper by Professor 
Robinson, in the first volume of the Transactions of the Society, on 
the “Efficiency of the Crank,” where I find a discussion which 
bears directly upon the question of variation of engine friction 
with change of load at normal speeds, and confirms the suggestion, 
made by me in the paper referred to, that the reason of the varia- 
tion of friction exhibited with change of steam pressures, while no 
such variation is observable with varying loads at constant press- 
ure, may be partly the difference in method of distribution of 
work in the cylinder. It was suggested that the concentration 
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of the work at the beginning of the stroke, at the higher pressure, 
and its distribution more completely throughout the stroke at low 
pressures, may be one cause of the peculiar behavior noticed, 

On consulting Professor Robiyson’s paper, page 9, a table will 
be found giving the efficiency of the crank, 7. ¢., the percentage 
of work passing it, and the proportion of work absorbed by it at 
various expansions. Taking the value of the coefficient of friction 
at one per cent. which the writer has stated in the original paper 
on friction of engine to be probably a fair maximum figure for 

~ machinery in good order, and for average pressures and lubrication, 
that table becomes the following : 

; EFFICIENCY OF CRANK, 
+a 


A 
Values of 
2r 


0.3. 0.4. 


1 0141 0188 
1 .0133 1 
.0085 | 1 — .0127 — .0170 | 1 
- .0O79 0119 — .0159 | 1 
.0075 | 1 0118 .0151 | 1- 
.0066 1 0099 | 1—. 
1 1 
1 — 
1 1 — 
1 1 — 


1 — 0.0047 
0044 
.0042 
0040 
00388 
.0031 
0084 
.0U82 


.0444 
0424 
.0331 
.0807 
.0308 
.0337 
.0814 


| 


.0061 — . 0092 — .0123 | 
0061 ,.0092 
0067 0111 0135 
- 0094 0126 


| 
| 


1 
1 
1 
1 
1 
1 
1 
1 


_ The above table, it should be noted, is prepared for the case of 
the conde nsing engine, and the variation in the distribution of 
- work throughout the stroke, with varying expansion, is here very 
much less than in the case of the non-condensing engine. The 
~ variation of efticiency with change of steam pressures, in the case 
actually studied, is thus more marked than is here shown. Never- 
theless, it is seen that, in this case, even, the proportion of work 
absorbed by the crank is very variable, amounting to about fifty 
per cent. more at the shortest cut-off than at full stroke. The re- 
| lation g, (38 the ratio of the sum of the radii of crank and main 
journals to the diameter of the circle described by the pin, or to the 
stroke of piston. In short-stroke engines, as screw engines, its 
value may be usually taken as about 0.5, and in long-stroke engines, 
as side-wheel marine engines, or mill engines, of slow speed of 
sil at about 0.2 on the average. 


0.04 | 
0.05 
: 08 - 
0.20 
0.40 
0.60 
0.80 
1.00 
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_ It is interesting to observe the difference in the proportions of 
work wasted on the crank in the extreme cases, as well as with 
variation of steam distribution. The percentage of power lost at 
the crank is small in all cases; but it is,even in condensing engines, 
ten times as great with the engine of shortest stroke as with that 
having the longest stroke in proportion to size of crank pin and 
shaft. In the engine of longest stroke, it is but one-third of one 
per cent. at common ratios of expansion ; while, in the machine of 
shortest stroke, it is three per cent. The maximum waste occurs 
at a cut-off taking place at about three-quarters stroke. For all en- 
gines of usual proportions, it may be assumed that the loss at the 
crank-pin should not exceed from two-thirds to one per cent., at 
ordinary ratios of expansion. Probably the waste at the several 
journals transmitting the pressure from piston to belt or driving- 
wheel may be there taken at about three times that oy the crank, 
or not far from two or three, possibly five, per cent., and varying, 
as shown above, with variation of the distribution of steam, The 
whole variation is comparatively unimportant, however, and less 
than the writer would have anticipated. In non-condensing engines 
the loss is greater and vastly more variable, 
aah 
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ERY. 


BY A. WELLS ROBINSON, PHILADELPHIA, PA. 


(Member of the Society.) 


Ir is the purpose of this paper to deal more particularly with the 
chain-bucket or elevator system of dredging, and to draw attention 
to its general character and capabilities as compared with other sys- 
tems. This country possesses comparatively few examples of the 
chain-bueket machine, although the system is in general use in 
-many of the most important harbor and river improvement works of 
the world, and on the Suez and Panama Canals. The reason for 
this limited use may be found to some degree in prejudice, and in 
the fact that the single dipper and grapple dredges so largely used 
have been made to do fairly good work in the hands of experienced 
_ specialists. The principal attention having thus been devoted to 


_ these machines, the knowledge of many regarding the chain-bucket 
machine is limited, or contined to older and what would now be 
considered inefficient examples, which cannot compete with the 


latest practice or be taken as representatives of it. 
The number and importance of the dredging machines on the 
endless-chain principle turned out by Great Britain, and the ex- 
_ tended and successful use of the system in other places, furnish a 
_ precedent which we cannot afford to disregard. A study of some of 
the best examples of these machines, both in use and while building 
on the stocks on the Clyde, shows that while they contain some 
features which an American engineer would not care to imitate, 
they are, nevertheless, of the most solid and substantial character, and 
excellently adapted to their purpose. They are usually built with 
an iron hull, self-propelling, and fitted with compound engines of 
- marine type, which require massive gearing to transmit the power 
to the buckets, and exhibit a tendency to weight and complication 
that appears excessive, and are costly both to build and to maintain. 
Nevertheless their performance shows a very fair result in the total 
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cost and quantity of work done. From published statements of the 
performance of the dredging fleet belonging to the Clyde trustees 
—who possess one of the most extensive plants for river and harbor 
work in the world—it appears that in the year 1882, five of their 
chain-bucket machines dredged an aggregate of 1,309,300 cubic 
yards of mud, with some clay, blasted rock and boulders, at a total 
cost of $66,800, or 5.1 cents per cubic yard. Of this cost the wages, 
fuel and stores formed 44 per cent. and general repairs 56 per cent. 
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These results may be taken as evidence that the chain-bucket, as a 
system, is good ; the work of moving such a large volume of ma- 
terial at a low total cost being accomplished in a crowded river, 
where interruptions are frequent, and in the face of a mechanical 
inefliciency which absorbed so large a proportion of the working 
expenses in cost of repairs; an ineftticiency which appeared to be 
caused by mechanical difficulties, and not inherent in the system. 
In comparing the general principles of different systems of dredg- 
ing, it will be seen that the strong point of the endless-chain ma- 


conditions to make it practicable, and a material which can be mixed 

with water to make a fluid capable of being pumped. In certain 

situations the discharge of the material with a large admixture of 

water is desirable or not objectionable, as where it is pumped on 

shore, to flow and distribute the solid matter over a considerable 

area. Asa rule this is not the case, and for all ordinary conditions 

and for tough or stony digging, it seems to be the most rational 

method of excavation to handle the material bodily in a properly 

adapted bucket. The liability of the pumps, etc., to clog, and the 

friction and abrasion of the interior surfaces of the pumps and 

connections, are difficulties which have not yet been practically 
solved. 

Where the work is of sufficient extent, the chain-bucket machine 

can deal with large quantities of material at a rapid rate, and cuts a 

level bottom ; which is difficult, if not impossible, to ob- 

: tain with the single-bucket machines. The latter have also to dig 

_ considerably below the required depth in order to,be sure that 

inequalities do not project above it; thus involving superfluous 

work, On the works with which the writer has been connected, it 


= in 
a chine lies in its continuous action, as distinguished from the inter- 7 
: mittent action of the dipper or grapple dredge. The only other 
continuous discharge machines in use, to the writer’s knowledge, 
' are those constructed on the pumping or suction principle. The | . 
a 4, 
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is customary to gauge the water level and depth of cut to inches, 
and to set the buckets to cut six inches below the depth to which 
the channel is afterward tested. So accurately is this done with 
-chain-bucket iachines that vessels regularly pass with but a few 
— inches between their keels and the bottom. 

The digging action of the chain buckets takes place in a manner 
calculated to apply the power to the best advantage, the cutting 
edges entering horizontally and then curving upward on a short 
radius, so as to fill the buckets and retain the contents. They are 

also able to take off light cuts over large areas as efficiently as heavy 
cuts, 

The entire apparatus is in equilibrium as to the weight of the 
working parts, power being required to elevate the dredged ma- 
terial only, and to overcome the digging and frictional resistances ; 
- whereas, in a dipper or grapple dredge the power expended in lift- 
ing the bucket and its attachments is lost at every stroke. This 

loss is quite considerable, and in a deep-water machine is frequently 
equal to raising a weight of several tons to a height of 35 or 40 feet 
at each lift. In regard to the expenditure of power in a chain- 
bucket machine, it appears from indicator cards taken by the writer 
from the engines of several machines, that about 226,000 to 853,000 
— foot-pounds or 6 to 103 horse-power is required per cubic yard of 
- material actually discharged when in effective work. Looking at a 
_single-bucket dredge in a similiar manner and working under sim- 
_ ilar circumstances, it is found to take 106 revolutions of an engine 
— 14x16 with 75 to 90 pounds of boiler pressure, to deliver one bucket- 
ful of material of about 24 cubic yards, This at 30 pounds mean 
‘ pressure in cylinder is equal to 1,305,920 foot-pounds or about 15.8 
_ horse-power per cubic yard. These are actual examples, both work- 
in tolerably yielding material, and in about 32 feet of water. Dif- 
ferent cases will vary considerably ; but the writer thinks that, 
under ordinary circumstances, it may be assumed, that a dredge in 
which a single bucket is worked from a crane or boon, requires 
about donble the power for the same work as a well-designed chain 
dredve. 

It thus appears that the chain-bucket system is good in princi- 
pie, and also good in practice, as its extensive use testifies, notwith- 
standing the mechanical difficulties to be overcome, in order to 
obtain simplicity and durability. These difficulties are not, how- 
ever, confined to this class of machinery exclusively. Those expe- 
rienced in the operation and maintenance of dredging machinery of 


whatever kind, do not need to be told of the almost incessant re- 
pairs made necessary by the severity of the duty, and by the wear 
and tear produced by conditions which are favorable to the rapid 
depreciation of the machinery. 
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Gradually, and by costly experience, are the weak points elimi- 
nated and the efficiency increased, until a machine is produced 
which can be counted on with tolerable certainty, to do the work 
required of it. By such a process have the structural details of the 
endless-chain machine crystallized into something like a system, 
varied of course to suit different requirements. 

In considering these details, the construction of the chain of 
buckets claims first attention. It is of obvious importance to keep 


the weight of these buckets at a minimum while retaining the re- 
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quired strength. With many forms of chain, the tension caused 
_ by its own weight constitutes so large a proportion of the total 
working stress, that only a small balance is available for doing the 
work, The degree to which strength and lightness can be com- 
bined depends first, on the tensile strength of the metal employed, 
and then upon a skillful distribution of that metal. In the earlier 
forms, many examples of which are still in use, the endless chain 
consists of a series of stout wrought-iron links connected by joint- 
pins, the shell or body of a bucket being riveted to every susaihen 
set of links. There are usually four links under and forming part 
of a bucket, and two intermediate connecting links, the eyes of 
which are bushed with steel. Such a bucket and one of the links 
are shown in Figs. 24, 25 and 26, which are drawn from actual 
measurement, and may be taken as a fair example of an extensively 
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used bucket. <A chain of buckets constructed in this manner will 
do good and rapid work in moderately yielding material, while 
they can be kept at it; but the wear is excessive on account of the 

small and roughly fitted bearing surfaces of the joints, and the 
grinding action of sand and water. There being very little stiff- 
ness to this kind of bucket the springing of the plates and hard 
knocks tend to loosen the rivets, and about six months’ work suftices 
to get the bucket ready for the repair shop. 

Official returns of the performance of an extensive dredging 
plant in another locality shows, by a statement of repairs, the 
average life of a bucket of the kind described above to be 146 
days, of a connecting link 77$ days, and of a joint-pin 102 days, 


these being the average intervals of service before requiring re- 
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Fig 27 


moval for repairs. They will, of course, stand a limited number 
such repairs before becoming finally useless. 

With the recent development of the art of making sound and 
tough steel castings, new possibilities were opened up, and the 
four links of a bucket are now made in a connected form of a 
single steel casting, to which the top or body is riveted. A bucket 
of this kind is shown in Figs. 27 and 28. The construction is 

thus greatly simplified, and much of the difficulty caused by the 
shaking loose of a number of riveted parts is obviated. 

More recently still it has been shown that the entire bucket can 

be advantageously formed of a single steel casting. There still re- 
mained, however, the destructive and costly wear of the bushes, 
pins and links used in connecting the buckets. Increasing the 
bearing surfaces and improving the standard of workmanship does 
not remedy the evil, as the amount of metal worn away with a 
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sand and water lubricant, is nearly the same ; but being distributed 
over a larger surface, takes a little longer time, and it did not seem 
to pay to put good work on joints which would not stay good. 

In Figs. 30 to 33 is shown a bucket * of somewhat different de- 
sign, but which follows out still further the direction indicated by 
the previous example. In this bucket the endeavor is made to 
combine the elements of lightness, strength, capacity and durability 
to a degree not heretofore reached. Durability of the pin connec- 
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tions is obtained by providing large wearing surfaces, from which 
the sand and grit are excluded by a special form of self-expanding 
packing ring. These wearing surfaces are then lubricated by posi- 
tive feed from a grease chamber formed in the bore of the tubular 
_ joint-pin, and which is arranged to be readily charged from the 
outside. 
The bucket is composed of cast steel in one piece, with renewable 
‘steel cutting edges and wearing surfaces, and so proportioned that 
the safe working strength is in excess of the maximum tension 
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that can be applied, so that the body of the bucket is practically in- . 
destructible. 

It will be seen on reference to Fig. 29, in which several buckets 
embodying these features are shown in position upon the upper or 
driving tumbler, that they differ from all others, both in general 
form and in the fact that no intermediate links are employed to 
to connect them, as they are coupled directly to each other. They 
are adapted to work on an improved driving tumbler, in which the 
rear end of the bucket is supported by projections, forming an ex- 
tension of the driving face of the tumbler. The links of the chain, 


1 439 2 3 A 5 
ale, 


in passing over the tumbler as commonly made in the form of a 
simple polygon, were subjected to severe bending strains, caused by 
the eyes of the links overhanging the corner of the tumbler. The 
links thus required to be made of greater weight and strength than 
was necessary to withstand the mere tension. Considerable wear 

also occurred between the tumbler faces and the links; the corners 
of the former becoming rounded and increasing the liability to 
- breakage of the chain. With the improved tumbler, having an ex- 
tended seat on which the bucket bears for its whole width and 
length, the bending stresses are reduced so that the principal stress 
is reduced to a simple tension of the chain. The form of the 
_ bucket also permits of an enormous tensile strain being provided 
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for without unduly increasing the weight; as the whole back, 
sides and bottom of the bucket, constitute a link of great strength, 
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and excellent form to resist both tensile and bending stresses. 

It is of the highest importance to reduce the number of parts as 
far as possible. There are few mechanical appliances which are ex- 
posed to as rough treatment as dredge buckets, and it is conceived 
that the best way to prevent them shaking to pieces, is to make 
them with no pieces to shake. 

The elevator system has always been an attractive one to in- 
ventors, and the Patent Office contains the record of many curious 
devices applied to dredging and excavating, some of which are 
modeled after a flour-mill elevator, and many employing a pitch 
chain composed of a multitude of small jointed links, with other 
devices equally unsuccessful in practical work. Many of these 
have never been heard of since, and some, which have been heard 
of, have by reason of the flimsiness of their construction, served to 
extend the popular notion that an elevator machine may possibly 
ve made to dig sand or mud; but for stones and hard material is 
entirely impracticable. 

The writer believes this to be a misapprehension of the capa- 

bilities of the system, as it has been successfully demonstrated 
that “hard pan,” slate, shale or other schistose rock can be 
economically dredged from its natural bed with a properly 
adapted chain-bucket machine. In dredging of this nature, the 
principal work of the buckets is to break up the material, and for 
this purpose they are made of great strength and fitted with steel 
teeth of special form. The action thus resembles a series of pow- 
erful pickaxes delivering rapidly repeated blows. It will be seen 
that in work of this kind, a special advantage is derived from the 
doubling of the buckets, that is, constructing the chain wholly of 
buckets, instead of half the number connected by links, the di 
effect being thus doubled. 
Buckets for heavy dredging purposes, made entirely of cast steel, 
were first used in this country, to the writer’s knowledge, about 
four years ago, upon the works with which he was connected. 
These have since been doing the severest kind of work, tearing up 
shale rock from its natural bed in 30 to 36 feet of water, and ina 
current of 4 to 6 miles per hour; and, with the exception of some 
_ wear upon the renewable portions, are practically as good to-day as 
at first. 
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There must inevitably be deterioration of the wearing surfaces 
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“minimized keeping the shading ance of the joints, 
and supplying lubricant, as is done in the improved buckets shown 
in Figs. 30 to 33, designed by the writer. 

_ For the purpose of comparing the three forms of bucket which 
have been illustrated, the following table of proportions and capa- 
is appended 


Maximum depth to which buckets ean work 
Number of buckets in chain 
Capacity of each bucket .. 
Pitch of each bucket 
Weight of bucket-chain per foot run 
Weight of bucket-chain per foot of capacity S. 208 
Total weight of chain : 47 
working tension of chain........ tons 7 50 
Maximum pressure on pin-joints........... Ibs. per sq. in.|3,3840 | 2,660 1, 340 
Ordinary Spec ed of bue ...ft. per min.) 60 70 1380 
. ft. per min.) 144 200 416 
capacity cubic yards per day of 10 hours...../3,200 | 4,400.9,200 


Nos. 1 and 2 being examples from British practice, it may be of 
__ Interest to give some further particulars respecting the vessels and 

their perfors mance. 

The vessel referred. to as No. 1 is 161 feet long, 29 feet beam, 
and 10 feet depth of hold; and is fitted with the wrought-iron 

Basen show n in lattes 24 to 26. In one season of 2,694 working 
red 323,760 cubic yards at a cost of 
$9,987, or cents per cubic yard. 

The second vessel is 130 feet long, 32 feet beam, and 10 feet 6 
inches depth of hold. In the first six months’ work this machine 
dredged 409,500 cubic yards in 139 working days, at a cost of 
$9,309, or 2.23, cents per cubic yard. The material was mud and 
de sith some gravel and limestone marl, with a considerable 
number of snags and roots, and the cost includes wages, fuel, 

= repairs and maintenance, but not towing or depealting the 
material dredged. 

It will be seen from the table that the weight of the bucket-chain 
in column No. 3 (as illustrated in Figs. 30 to 33), while of equal 
os is consider rably less per foot than No.1 or No.2. The 


of the buckets and connections, but while this is enormous with 
. the older forms, and appreciably reduced in the ets | 


. 
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increase of capacity and larger wearing surfaces should also be 
noted, together with the fact that a reduced pressure per square 
inch is obtained in protected and lubricated joint connections, in- 
stead of a heavy pressure in a joint exposed to the grinding action 
of sand and water. 

With the improved buckets and simplified construction, the 
chain-bucket machine is capable of still higher results than those 
stated above, as much of the difficulty labored under from excessive 
weight and wear and tear is done away with, and a machine pro- 
duced which is cheaper in first cost, because the weight is less, and 
cheaper to maintain, because more durable. 

Fig. 34 shows a type of machine adapted for channel work, and 


4 


represents a dredge having a capacity of 6,000 cubic yards per day, 

and capable of dredging to a depth of 25 feet. The mode of work- 
_ ing is shown in Fig. 36. The hull is moored in position by anchor 
chains controlled by a steam winch, and the buckets feed sideways 
over the bottom for the width of the channel to be made, advane- 
ing a short distance ahead at every cut by hauling in on the bow- 
chain. In some cases a spud anchor-post is used at the stern for 
mooring the hull, the buckets at the front end taking a radial cut 
about the spud as a center. A machine of this kind is represented 
in Fig. 35. 


The range of application of the system extends to almost every 
kind of under-water excavation, and it is as well adapted for canal 
dredging as for channel dredging. A machine for the former 
class of work is arranged to cut in front, so as to excavate its own 
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floating water, and to form the banks with the dredged material at 
one operation. In the case of a combination machine designed by 
the writer, the material is deposited on the bank by a continuous 
discharging apparatus, which allows the excess of water to drain off 


before depositing, thus making a more solid embankment, and 
avoiding the washing back of the material into the cut. 

In considering the cost of these machines, regard should be had 
not only to the first cost, but to the cost of maintenance in relation 
to the capacity, and to the extent and duration of the work to be 
done. One elevator machine, with a capacity of 6,000 cubic yards 


a” 


per day, will do better and ,cheaper work than four other dredges 
with a capacity of 1,500 cubic yards each, if employed on the same 
work, although the former may cost twice as much to build and run 
as one of the latter. Where the work is such that the machines 
can be kept employed without great or frequent periods of idleness, 
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the first cost becomes a very small factor in the total cost of doing 
the work. 

In many eases concentration of plant is desirable, as reducing 
the working and other expenses. This tendency is illustrated by 
the fact that a large proportion of British machines are now built 
as “Topper dredgers,” that is, a combined self-propelling dredge 
and scow, so that one vessel constitutes the complete plant. These 
vessels can dredge a load of 800 to 1,000 tons in a few hours, and 
then steam off at 8 or 9 miles per hour and dump it. 

In conclusion, the writer has sought to present briefly the lead- 
ing characteristics of the chain-bucket system of dredging and ex- 
cavating, together with the defects and difficulties met with in 
making the system a success, both mechanically and commercially. 
He has also pointed out the direction in which improvements are 
being made in order to obviate these defects, and so far as he has 
gone he has endeavored to increase the general efficiency, and to 
construct a chain of buckets that will be durable. 

In view of the national and public works, in which dredging and 
excavating form a considerable part, it is of importance that the 
subject should be more fully understood, and the fact appreciated, 
that the cost of such work is largely governed by the efticiency of 
the plant employed. 

The writer has not attempted to go into the many details, which 
go to make upa successful endless-chain dredging machine; such 
as arrangement of hull, engines, and subsidiary gear, systems of 
framing, etc.; as they are capable of being adapted to a variety 
conditions, and a description of which would exceed the limits 
this paper. 


DISCUSSION. 


9 

Mr. A. W. Lobinson.—The greatest wear and tear of such a ma- 
chine takes place, of course, in the hinge connections. This is one 
great reason why this form of machine has not been introduced 
into this country to the extent to which it has been used elsewhere. 
The fact that endless-chain machines are in use in other places, and 
Wearing out so fast as they do, and are able to do satisfactory work, 
or at least econoiaical work, in that way, shows, I think, that if we 
take away the obvious defects and deficiencies, we ought to have 
a pretty good machine. 

The packing rings are made of moulded rubber; they are made 
open, so as to be removable, with the ends made to fold into one 
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another, and each ring is held in place by a brass ring which has a 
hook and eye so formed in it that when it is placed in position, one 
stroke of a hammer will close the hook over and retain it in posi- 
tion. The diameter of the pin on which those packings are used 
will vary with the size of the machine. For an ordinary heavy 
machine for heavy dredging, this pin will be from 34 to 44 inches 
in diameter, with a little extra space; the ring might be from 6 to 
7 inches in inside diameter. 

The details of the Jubrication of the pin connections are not as 
clearly shown in the illustrations in the paper as I could wish. 
Where a hollow pin is used, a small piston fits into the bore, and 
by a screw at the end of the pin, the piston can be made to force 
out a lubricant, as in an ordinary grease-cup. 

The grooves in which the packing rings are situated are half 
round, but the packing rings are formed with Haring sides, expand- 
ing that shape, so that when they occupy the groove, their sides 
are always hugging its sides, and any slight end-motion, which will 
occur, will not allow any dirt to enter the joint. This feature of 
protecting and lubricating the joints is one of the most important 
in machines of this kind. 

Mr. C. C. Hill.—Some years ago, I had occasion, to some extent, 
to handle the problem of which this paper treats, out in the alluvial 
deposits of Idaho. With your permission I will illustrate. As I 
presume you are all aware, the country called the Snake River 
Bottom of Idaho, is composed cf an alluvial deposit extending for 
about 400 miles along, and varying from half a mile to 12 miles 
wide, and as near as I was able to learn while engaged out there, 
it contains about an even distribution of flour gold. It has been 
the dream of a great many, both smart and stupid men, to get that 
gold. I was engaged by a company who tried to get it by placing 


good money out there, and in my attempts I started some of what 
are ordinarily called hydraulic machines. They were composed of 
the ordinary cabinets of copper plates with sluices and cradles, etc., 
forming run-ways for the water to pass over. I represented two 
companies, distinct, though composed of the same capitalists, and 
one of them had for its object the solution of the problem by hand- 
ling the dirt in a dry state, and adding the water afterward. The 
company possessed a bank twenty-six feet high from the water 
level, extending for four miles down the banks of the Snake River, 
and we had to pump from the Snake River the water we wanted 
to wash this bank off with. So I started as a man would start in a 
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hay field to mow. I constructed a dredging machine twelve feet 
wide, carrying eight chains of buckets, such as the gentleman just 
referred to, composed of heavy chain made of cast-iron links. As I 
was dealing with dry material, I did not wish to use any Jubricant, 
because I should not be able to exclude the fine dust which would 
be present in the bank, I therefore used wooden blocks in the joints 
of the chain and malleable iron buckets very much like a tea-cup, 
ten inches across the top. These buckets I armed with steel prods, 
one on each bucket. I never had two prods on one bucket, because 
the rocks would be caught between the prods and prevent pene- 
tration ; but by putting them at different places on the different 
buckets I succeeded in digging the bank, which was so hard that it 
was difficult to pick in some parts. I was very much impressed with 
the idea that dredging could be very advantageously done on that 
principle. I did not in a practical way accomplish a large amount. 
I could dredge the material well enough; I could wash it well 
enough; but after I had it washed I found that I could scarcely 
get enough to‘pay for the trouble. The machine I had out there 
had a capacity of about fifteen hundred tons of material for ten 
hours, witha twelve horse power engine lifting it eight feet high. Of 
course, [ cannot speak now of its efficiency asa regular dredge. Iam 
simply speaking of the idea which I had and carried out of cutting 
a swath from the side of the bank, washing it on the copper plates 
and carrying it from the copper plates still higher, and throwing it 
upon the bank or into the river. The system was intended to go 
right on down the bank, cut that twenty-six feet of bank down 
and dump it into the river; and when we had dumped into the 
river what we could reach, then simply lifting it upon the bank. 
As I said before, I did not carry, it out far enough to give me any 
data as to the desirability of that means for deep dredging; but I 
should say it would be a very satisfactory way of dealing with the 
question in many cases. 

I would further say, that instead of using packing rings of any 
kind, or attempting in any way to guard against the entrance of 
dust, I used wooden bushings in all the boxes of my machinery, 
and I think there is a great deal less wear by using wood than by 
using any metal. Of course there will be a great deal of squealing 
and all that sort of thing that one must endure, but it does not cut 
the shaft as meta! boxes would do. 

Mr. H. 2. Towne—For more than twenty years I happen to 
have had a great deal of familiarity with dredging machinery, and 
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to have had some connection with one of the larger dredging com- 
panies in this country ; the subject is therefore of great interest to 
me. The endless bucket dredge has always been more or less used 
in England ; never largely used here. There was one used on the 
Delaware River twenty-five years ago, but it never worked effi- 
ciently, and was abandoned. The statement Mr. Robinson has 
made as to the need of improvement of details in this matter, 
probably accounts, to a great extent, for the failure of the few ma- 
chines of this kind that have been tried here. Obviously, with the 
endless bucket dredge, the working parts are carried clear down to 
the bottom, where they are exposed to mud, sand, and grit, and 
are liable to rapid deterioration accordingly ; whereas, with the 
grapple dredge of ordinary construction, the parts that have to 
move upon themselves are in the upper part of the bucket, and 
their motions are slow as compared with those of the endless-chain 
dredge. But for all that there are reasons, in my opinion, why 
the dredge on this system of an endless chain of buckets has its 
limitations of use, and I question whether it will ever displace the 


dredges of other construction for much of the work that is to be 


done. For its best efficiency a machine of this kind requires large — 
size. Much of the work that we have to do about our cities is _ 


small in each item, even if large in the aggregate; dredges are 
required to go into docks and slips, and to clean out the accumula- 
tion of mud there, and in my opinion, for that purpose, the grapple 
or bucket dredge has advantages over the endless-chain system. 

I question somewhat the correctness of Mr. Robinson’s assump-_ 
tion, that the cost of lifting the work is so widely different in the 
two systems as he states it to be. I think he is in error in this | 
respect, although I admit the correctness of the theory stated in his 
paper, that the cost should differ because the parts are balanced 
here while they are unbalanced in the other machine. His figures 
of the actual horse-power required in this case, and my knowledge 
of the actual horse-power used in the other machines, are such as to — 
show that the difference is not so great as theory, would seem to 
indicate. 

Mr. A. W. Robinson.*—While it cannot be said that any single 
dredging machine is suitable for all purposes, or capable of working 
to the same advantage under all circumstances, observation of work 
done by the endless chain system, shows that it covers most of the 
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ground included by the various other types of dredging apparatus, 
and that as a marine dredge it reaches its best efficiency when the 
volume of material is large,and the space not too confined. In its 
improved form it is, however, being used in many other ways for 
special purposes, such as embankment and levee building, dry 
excavation, drainage canals, irrigating ditches, and street trenching 
for gas and water pipe. 


With regard to Mr. Towne’s remarks as to the relative expendi- 


ture of power in the clam-shell or grapple and the chain-bucket 
dredge, it is freely admitted that there are examples of the former 
that in very favorable work will do better than the single-bucket 
machine instanced in the paper, and which he probably had in his 
mind. There are also better machines 6f the chain-bucket class, 
and the comparison was made between two actual examples, not 
under the most favorable conditions, but fairly representative of 
their average work, 

In regard to the wooden bearings in the machine, referred to by 
Mr. Hill, it appears to be a special case. Soft bearings do not 
wear the pin much, but such bearings require frequent renewal. 
The mere cost of renewing the worn parts, even in steel, would be 
comparatively small were it not for the cost of the delay caused in 
replacing them. Consequently the case is only satisfactorily met 
by a construction which will be reasonably permanent and durable 
under the extremely heavy service which such machinery is called 
upon to perform. 
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STRENGTH OF SHAFTING SUBJECTED TO BOTH 
TWISTING AND BENDING. 
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Tue rules used by mechanical engineers to determine the 
strength of shafting are based upon experiments on simple torsion 
or on bending only, and no experimental work has been done, so 
; far as the writer knows, upon a combination of the two. Never- 
theless it is a fact that by far the greater number of shafts in use 
are subjected to a combination of twisting and bending, the former 
being due to the work transmitted, and the latter to the pull of the 
belts in the case of head or line shafting, or to the pressure on the 
erank-pin in the case of crank-shafts, or the shock of the water in 
the case of propeller shafts. 

Under certain circumstances the bending may have the greatest 
influence, while the twisting may be predominant in others, or 
their influence may be equally divided. Which of these is the case 
will depend upon the location of the hangers and of the pulleys, 
the width of the belts, ete., ete. 

As to the formule which take into account both twisting and 
bending, there are two, both of which are based upon the theory of 
elasticity. The first, which is the most correct from a theoretical 
point of view, is that given by Grashof and other writers on the 
theory of elasticity, and is ad 


M, = greatest bending moment; 
Jf, = greatest twisting moment; 


1 
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= external radius of shaft: 


/= moment of inertia of section about a diameter ; 
® 
= + = greatest allowable stress at outside fiber; 
m =a constant depending on the nature of the material. 


If, as is usually done for iron and steel, we make m=4 we 


obtain 


The other formula, which is also based upon the theory of elas- 
ticity, but which is not as correct, is that given by Rankine, and is 


= ( / ) 


While these formule are the only ones that take both twisting 


and bending into accoum, they are not very generally used, being 


recommended by some engineers for use in crank shafts and pro- 
peller shafts of marine engines, while they are seldom used else- fl 
where. 

The formule in general use for line shafting and head shafting 
are most commonly those taking into account the twisting only, 
and the constants for these formule are those deduced from experi- 
ments upon pure torsion. Of this nature are the following for- 
mule given by Professor Thurston : 

For head shafts well supported against springing, 

(Tan 
ISB HP ,. 5 HP 
y Cold rolled iron, d= 4 


For line shafting, hangers 8 feet apart, 


3, 
Wrought iron, d=14 


3, 


Wrong! ht iron, { Cold rolled iron, d = 
For transmission simply, no pulleys, 

Wrought iron, d= /82. Cold rolled iron, d = 


Atl such rules are based upon the torsion only, and the different 
constants are eeemaaias by using a factor of safety to make up for 
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the bending to which the shaft is liable to be subjected. On the 


other hand, some rules are given for the proper distance between 
hangers, etc., which are based upon transverse strength only. Thus 
~ Unwin gives the direction, 1. That the axle must be calculated as 
a beam to bear the weight of the pulley and the belt-puli that is to 
~ eome upon it; 2. For shafting transmitting power and subject to 
torsion only, he gives 


d=pYV 


where 6 — 3.294 for wrought iron, and 2.877 for steel. 


tules are also given that the deflection under the belt-pulls 
should not exceed , 45, of the distance between hangers, this deflec- 
tion being calculated by the ordinary rules for transverse strength 
only. 
Returning now to the formule for combined twisting and bend- 
_ ing, given by Grashof and Rankine, it is ta be observed that the con- 
stauts used in them are such as have been deduced from pure ten- 
sion experiments, and not from experiments on a combination of 
twisting and bending, which last is what should be done if they are 
to be used with confidence. 


With a view to determine the behavior of shafting under such 
~a combination of conditions by actual experiment, suitable machin- 
ery has been put up in my laboratory of applied mechanics, and 
the investigation has been commenced. The object of this paper is 
to give you an account of the method of procedure, of the machin- 
ery used, and of the few results thus far obtained, together with 
such few conclusions as these results will warrant, and to invite 
any comments or criticisms which you may be pleased to make in 
regard to the tests. 
The principal poiuts of the method of procedure are the 
following, viz. : 
Ist. The shaft under test is in motion, and is actually driving an 
amount of power which is accurately weighed on a Prony brake. 
2d. A transverse load is applied which may be varied at the 
option of the experimenter, and which is weighed on a platform 
scale. 
3d. It is intended to adjust the proportion between the torsional 
and transverse loads to correspond with the proportion between the 
power transmitted and the belt-pull sustained by a shaft in actual 
use. 
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4th. Tests are made not only of breaking strength but also the 
angle of twist and the deflection under moderate loads are meas- 
ured. 

5th. With our present machinery the largest shafts which we can 
break are those of 1.5 inch diameter, but the machinery can be 
easily enlarged so as to use larger shafts. 

The machinery used will be made plain by the accompanying 
cut (Fig. 37), a part of it being some that was used by Mr. George 
Billings in some experiments which lke made on the repeated bend- 
ing of shafts under a transverse load. 

In this illustration B is the shaft under test, the power is obtained 
from another shaft on the right, and is transmitted to this test shaft 
through the double Hooke’s joint C on the right, and then the 
power is transmitted from £2 to the Prony brake G, through the 
double Hooke’s joint C on the left. 

The power transmitted, and hence the twisting moment, is de- 
termined by means of the weights at the end of the brake lever 
and the readings of the revolution counter 7). 

The boxes in which the experimental shaft runs are marked 
in the figure, and rest upon the casting AZ which, in its turn, rests 
on the platform scale and is separate and distinct from the rigid 
frame F, which latter is firmly fastened to the floor of the labora- 
tory. 

It follows that any weight resting upon the shaft 2, or the 
pulley VV, which is on this shaft, is weighed directly on the scale; 
the flexibility furnished by the double [ooke’s joints render it 
possible to determine the weight on the shaft. The transverse 
load is applied by screwing down the screws S, thus pressing down 
the boxes of the upper shaft, and causing the pulley V/ to press 
against the pulley JV, and thus load the shaft transversely. In 
making an experiment upon breaking strength, the transverse and 
the torsional loads are adjusted at the option of the experimenter, 
and then the shaft is run until fracture occurs, which almost in- 
variably takes place at the point where the pulley V is attached. 
If the loads applied are too small to cause fracture they are in- 
creased and the shaft run until fracture occurs, The apparatus for 
determining the angle of twist under moderate loads requires a 
more detailed explanation, and this will be deferred until after 
the account of the results of the breaking tests. 

It has been made very plain by these tests, that in order to 
deduce any conclusions of value the time occupied in breaking 
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must be taken into account; 7. ¢. the load required to break the 
shaft is very much smaller if sufficient time be allowed for it to 
operate, say 30 or 40 hours, than if we are required to break it in 


a short time, say one hour. 7 
The mode of conducting an experiment is as follows: 4 


Ist. Decide upon the amount of horse-power to be transmitted, 


and the transverse load to be used, and adjust the brake and the 
screws S so as to realize them approximately, 

2d. Set the shaft in motion, and let it run, keeping the boxes 
oiled, until it breaks, noting the time required to break it. 

3d. If it finally breaks, then, in making the next experiment, 
diminish the loads and run it for a longer time, continuing this 
process until we ascertain what is the smallest load which will break 
the shaft by allowing sufficient time. 

4th. The question next arises, What is absolutely the least load 
which will break the shaft? This, of course, requires a large number 
of experiments; and [ cannot say that we have yet reached this 
determination. 


The following table will give the results of the tests on iron 
shafts, and they will then be discussed: ! 
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Two specimens of the 1.25 shafting and two of the 1” were 
tested for tension, the results being as follows : 


Breaking strength 
per square inch. 
1.25 diameter. - 


(N 
diameter. 1 No. 61,812 


As to conclusions. 

Ist. It is plain from these results that a shaft whose size is deter-_ 
mined by means of the results of a quick test would be too — 
and that our constants should be obtained from tests which last for 


a considerable length of time. 

2d. A perusal of the tables will show that the results obtained 
apply more to the bending than to the twisting of a shaft, as the 
transverse load used in these tests was so large compared with the 
twist as to exert the controlling influence. This will be plain by 
a comparison of the values of 7, 74 and 7. 

3d. Nevertheless, a comparison of the fifth column with the last | 
two will show that the bending moments actually used were gener- 
ally less than such as might easily be realized in practice with the 
twisting moments used, 

4th. It seems fair to conclude that, in the greater part of cases 
where shafting is used to transmit power, as in line shafting or 
in inmost cases of head shafting, the breaking is even more liable 
to occur from bending back and forth than from twisting, and. 7 
hence, that in no case ought we to omit to make a computation for | 
the bending of the shaft as well as the twist. 


5th. As to the precise value of the greatest allowable outside 
fiber stress to be used in the Grashof formula, it is plain that it is 
not correct to use a value as great as the tensile strength of the 
iron, and while the tests show that this figure should not for 
common iron exceed 40,000 Ibs. per square inch, it is probable that 
tests where a longer time is allowed for fracture will show a 
smaller result yet. 

6th. Another matter of interest to note is, that we have a par- 
allel to these tests in the experiments of Wéhler. His experiments 
were made by —_— the shaft to bending back and forth with- 
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out adding any twist. He found for good wrought iron a value 

for the breaking strength per square inch, under a continued repe- 
tition of stress, of about 32,000 lbs. per square inch. 

| Perhaps further experiments may lead to a value as low as this 


for greatest allowable fiber stress per square inch; at any rate, it 
would be more prudent to use this value than a value equal to the 

tensile strength. 

TWIST UNDER MODERATE LOADS, 

Next, as to twist under moderate loads, the results give us the 
modulus of elasticity for torsion. The results will be given first, 
and afterward the apparatus will be described. The values were 

obtained from experiments on 1” shafts, and are as follows : 


No. of Test. 


9,979,319 


The tensile modulus of elasticity of this shafting, as determined 
by experiment, was 29,008,621 pounds per square inch. 
The theory of elasticity gives the shearing modulus of elasticity 
as two-fifths the tensile or (29,008,621) = 11,603,448, which is not 


far from the average value found by experiment. 


APPARATUS FOR MEASURING TWIST. 


_ _ The apparatus for measuring the angle of twist under moderate 
loads was devised mainly by Mr. Theodore R, Foster, one of the- 
graduates of the class of 1886, who took the subject of shafting for — 
his graduating thesis. A brief description will now be given of it. 

The disks 7; and 7, are made of brass, and eacli is in two pieces, 
so that they may be easily put on or removed from the shaft. 
They are placed on bushings which can ‘be adapted to 14 inch — 
shafts or under. Each bushing has eight set screws for centering 
the disk on different sized shafts. "Each disk has a boss at the 

. center turned down to form a bearing; on the disk 7} for two 
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wrought-iron arms, and on the disk 7, for one. One of the arms 
on 7; carries a brass brush pointed with platinum, which presses 
against the cireumference of the disk as it revolves, and so also the 
arm on 7} carries another brush fixed in the same manner. The 
second arm on 7; carries a tangent screw which presses against the 
arm with the brush. The arms are kept from revolving by suit- 
able stops fixed in the frame while the disks revolve under the 
brushes. The two brushes are insulated from the arms, but con- 
nected with each other by a wire, a battery and a telephone being 
placed in the circuit. The circumferences of the disks are made 
of rubber, except that at one point in each circumference a thin 
piece of platinum is let into the rubber connected with the me- 
tallic portion of the disk, the circuit being completed through these 
pieces of platinum, the disks, and the shaft, so that if, in the revo- 
lution, the two brushes strike their respective pieces of platinum at 
the same instant, there is a current, and consequently a ticking in 
the telephone; whereas, if they do not strike at the same instant 
there is no current, and hence no sound in the telephone. 

The manner of using the apparatus is as follows: Start up the 
shaft with a very small load on the brake, screw the tangent screw 
until a ticking occurs in the telephone, and measure (with a microm- 
eter caliper) the distance apart of two metallic points which are 
fixed in the arms for that purpose at the same distance from the 
center. Next, put the desired load on the brake, and again screw 
the tangent screw until ticking occurs in the telephone, and again 
measure the distance apart of the same two points. The differ- 
ence of the angles corresponding to these two chords gives the 
angle of twist corresponding to the difference of the two loads 
on the brake. 

In closing this paper I must apologize for the meagerness of the 
results obtained thus far, hoping that what little has been done 
may prove of some interest. 


DISCUSSION. 


Mr, Wm. Kent.—1 know of an experience in Pittsburg some 
years ago, which confirms Professor Lanza’s statement, that a 
shaft will break under repeated strains where it may not break 
under one strain. In feeding tables for a relling-mill, where the 
main shaft driving the table was subjected to twisting strains 
in reverse directions, that shaft would generally have a life of 
about six months, and when it broke, it broke like a broom. The 
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fibers expanded out like a brush on both sides, and came apart in 
that way. It was wrought iron. 

Mr. G. C. Henning.—I think the ground is very well covered by 
Mr. Baker’s paper which we will hear soon. In it is taken up the 
case of Woehler’s experiments, but he has not only duplicated them, 
but gone far beyond in comparing soft steel, mild steel, and wrought 
iron, and he there shows that it is not alone tensile strength or 
elastic limit which determines the life of shafts subject to torsional 
and bending strains, but it is the repetition of distortions which 
affects them most seriously. This case of a rolling-mill shaft is pre- 
cisely the same thing; asarule our designs for members used in that 
way have been entirely, not to say erroneous, but such as to indicate 
that we have designed them on the basis of ultimate strength, in- 
stead of on the capacity for doing work. The life of such mem- 
bers depends on something else, which we have not yet found out. 
It depends on the effect of superposition of strains, even if they are 
within the elastic limit. 

Mr. J. T. HWawkins.—I would like to mention one or two instances 
which happened within the last three months in my experience, and 
which go to substantiate Professor Lanza’s position as to the bend, 

ng strains on shafting tending to their rupture more than twisting 
strains. Within my knowledge, within the last three months a two- 
neh steel shaft has broken in the same place, and within the hub 
of the pulley, which would be very strong proof, I think, that it 
sould not in that ease have been caused to any considerable extent 
oy twisting. It would certainly be due to the strain of the belt in 
oroducing transverse stress on the shaft. The fractures occurred 
in the same shaft in the same building, and very near the same 
pk we, twice within about three months—a two-inch steel line shaft. 
Mr. T.S. Crane.—lt seems to me important to have the attention 
of engineers called to the effect of this lateral strain and torsion. 
[had an experience once where I had to put the pulley to receive 


get a hanger near that pulley. 1 expected to have trouble with it, 
but it ran for two years, and then the shaft broke off just within the 
edge of the pulley. It broke with a brittle fracture, showing that 
the effect of the two strains had been to crystallize the iron. I did 
not think it would run as long as it did. The shaft was ready, and 
there was a great pressure to get the factory started, and there was 
— notime to get a larger shaft. When it was replaced it was replaced 
with a larger shaft, and no further trouble arose. 
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Mr. C. C. Hill.—Some years ago I had experience in establishing 
a friction * plant fora large saw-mill, where the pressure on what we_ 
call the counter-shafts was large, greater than is usually put on 
belted shafts. I found the same difficulty there with shafts. The 
shafts were very much larger than for ordinary transmissions of a 
like amount of power, but we could not run them many months or 
years without their breaking right off close to the pulley. 

Mr. H. R. Towne.—I wish to make a few comments on this- 
paper,as the subject is one that interests me ; and in the first place I 
cannot retrain from expressing the gratification which Ithink we all | 
feel that our transactions are growing to include so much more of — 
original investigation. Each of our recent volumes has contained 
more or less of it, and obviously the value of our transactions, to 
ourselves and to the world, will increase in proportion to the 
amount of this original work which is done. Professor Lanza tells 
us that he has just commenced this line of investigation, and it is— 
certainly to be hoped that he will continue it in the direction in’ 
which he has started. 

I wish to set forth afew points which can be properly considered 
in pursuing it. In the first place, the tests which have been made 
have been such as to result in the destruction of the shaft. In 
practice we do not intend, when designing a shaft, that it shall be 
destroyed, and I conceive that the conditions obtaining in a shaft 
which is subjected to such strains as to destroy it within a few 
hours or days may be different from those obtaining in a shaft sub- 
jected to ordinary conditions, where it is intended to endure per- 
manently. It is to be hoped that the series of experiments will 
include tests of shafts under conditions approximating to those of 
ordinary practice. Now, in connection with such tests, one of the 
points of interest is to determine by experiment whether it is right, 
in calculating the stresses upon a shaft subjected to both bending 
and torsion, to assume that they are equal to the sum of the stresses 
resulting from each of the two strains taken independently, or 
whether the two coexisting stresses act upon one another to modify 
either; this is an unsettled question, experimentally at least, and 
an important one to know. That is, having ashaft which we know 
is expected to transmit a given amount of power by torsion, and 
knowing the strains existing in it by reason of the work thus done, 
are we to assume that subjecting that same shaft simultaneously to 
a bending strain augments the stresses in it exactly in proportion 


* Transmitting by friction gearing instead of belts. 


serve to modify the stresses in any way ? 
One other question in connection with this is, I think, particu- 
larly important. A long shaft transmitting power becomes one of 
the best possible kinds of springs. Many of us know that a long 
rod of metal subjected to twisting or torsion gives us a beautiful 
spring action. We have had our attention called this morning 
to the fact that the transmission of power by gears is liable to 
result in intermittent impulses. We know that to be the case. 
T have recently had occasion to consider the case of a shaft trans- 
- mitting considerable power, where I discovered that if a short 
length of the shaft was used, a perfectly steady and smooth action 
was obtained; whereas if the shaft had considerable jength, the 
action became irregular and pulsating, and without taking time to 
tell you how I conducted the investigation, I satisfied myself that 
the cause of the irregularity was a pair of bevel gears, through 
which power was transmitted to the shaft. Now, let us take two 
springs each composed of a piece of flat steel, and first examine 
the one that is shortest, which is supposed to be clamped at 
one end into a solid block of metal and to project freely from 
it. If I apply a given power to the end of the spring, so as 
to bend it, and then release it, the spring will fly back and will 
vibrate several times, but will quickly come to rest. If I apply 
the same amount of power to the longer spring, it will give the 
- same moment at the same point, but on releasing this spring it will 
vibrate very much longer than the other. The reason for this, if 
we think a moment, is the inertia of the parts, or more properly 


their momentum. This is still more the case in long shafting, be- 


cause we have a spring consisting in that case of a shaft subjected 
to torsion, on which we have put more or less dead load in the 
shape of pullies and other weights, which frequently give us a very 
considerable amount of material in motion. Conceive of the shaft 
first as at rest, and of considerable length, and the power as applied 
to one end. The inertia of the parts tends to keep them at rest 
until an angle of torsion is developed sufficient to set the whole 
shaft in motion. Now our power is quite frequently more or less 
intermittent. When the inertia of the whole shaft, or of the parts 
at its far end, is overcome, they are set in motion ; then a recovery 
takes place, and thus is established a vibration, which certainly must 
in some way involve, as one of its factors, the amount of matter in 
motion—in other words the momentum of the parts. So far as my 
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reading extends, I have not noticed any discussion of this subject in — 
connection with shafting, and I consider it a practical question. 
The ordinary formulas for determining the size of such shafts” 
usually adopt some arbitrary limiting angle for the angle of torsion. 
D. K. Clark gives it in his manual (and I think it is taken by him 
from older authorities), as one degree for each twenty diameters of © 
length of shaft. The correctness of that formula is based on the as- 
sumption that we shall not get a greater amount of this action which — 
Ihave just described in one length than another, or at least that it~ 
will be directly proportionate. Practice, however, shows that this 
is not the case, but that, as we lengthen our shaft, after we have 
passed a certain point, with such conditions as these, vibration can 
be set up, and that the vibratory action is very objectionable in. 
most cases. It is to be hoped, therefore, that the line of experi- 
ment which has been commenced may include considerations of 
these conditions, which exist in actual practice. Incidentally, I 
may remark in closing, that I had occasion recently to test for tor-— 
sion a shaft two inches square, of cold rolled steel, which had been 
turned down at three points to form bearings, the bearings however 
being the full diameter of the sides of the shaft, that is to say, two 
inches in diameter, without reducing the diameter, the corners 
being merely taken off. The shaft was some twenty feet long, and 
the tests were made at two points, one of them involving a length 
of shaft of twenty fect subjected to torsion, the other of half that 


length. The result showed practical agreement with the ordinary 


formula, except some discrepancy as to the angle of torsion being 
directly as the length of the shaft, of which 1 am not yet quite 
satisfied, and intend to pursue further. As a matter of record it is 
perhaps worthy of note that, taking Clark’s formula for the limitin 
WRI 
“,,P being the angle of torsion in frac- 


5 


conditions, )) = 


tions of a circle, limited, as I said before to one degree in each 20 
diameters of length, W being the weight in pounds, 22 the radius 
in feet, Z the length of shaft in feet, and d the diameter in inches, 
he gives the above numerical factor for wrought iron, and in another 
place gives tigures showing that the corresponding factor for steel 
would be about 33,000. Applying the formula to the actual record 
of the experiment which I made gives as this numerical factor 
56,300 for cold rolled steel, as against about 33,000, which Clark 
gives for ordinary steel, showing very forcibly the value derived 
from cold rolling. 
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Professor Lanza,—I think the remarks of the president are very 
much to the point, and I am very glad to have his suggestions, 
We have not thus far been able to do much testing with the shaft 
under moderate loads. In regard to the way in which the twisting 
affects the ultimate strength of the shaft, for bending and vice versa, 
we are trying to determine how far-we can depend upon Grashof’s 
formula; and our method of procedure is as follows, Ilaving 
broken one shaft by subjecting it to a certain bending moment, 
combined with a certain twisting moment, we compute by Grashof’s 
formula the greatest fiber stress. Then if the formula represents 
correctly the facts, we ought to be able to break another of the 
same dimensions and material in the same length of time, by using 
a different amount of bending moment, and a different amount of 


_ twisting moment, so proportioned as to give by the formula the 
same greatest fiber stress. What the result will be remains to be 
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Iv is with no small degree of timidity that the writer brings to 


the notice of this society a new device for describing the several 
curves known as the “conic sections.” Instruments of this class, 
even though perfectly adapted to the purposes for which they are 
intended, have a very limited use in many branches of the profes- 
sion, yet the problem has proven a fascinating one, and herein are 
presented the results of his investigation. 

It is generally understood that the ellipse, parabola, and hyper- 
bola may be drawn with such simple appliances as a string, straight- 
edge, pencil, and a couple of pins. Ellipsographs by the score have 
been invented and patented in this country, to say nothing of the 
many devices for a like purpose which were originated abroad, so 
that it is not safe to rest very secure in the belief that the one 
herein described is entirely new, however original it may have 
been with the writer. 

The instrument best known for describing the ellipse is the 
ellipse trammel, which consists of a fixed base plate with two grooves 
in its upper surface at right angles one with the other, and a tram- 
miel-bar having three adjustable points, two of which track in the 
grooves aforesaid, while the third traces the curve. This base plate 
is usually in the form of a cross having equal arms, and the smallest 
ellipse that can be drawn with such a device will have a major axis 
about twice the length of this cross, and a minor axis about one- 
half the major. Its application to larger ellipses is also dependent 
upon the size of this cross, for we cannot draw an ellipse with it 
whose major axis exceeds the minor by more than the length of the 
cross. However, this instrument has very many uses, and the prin- 
ciple of it is applied in almost all forms of ellipsographs. In search- 
ing the Patent-records Index very many “ Ellipsographs” were 
found, but the search was vain for parabolagraphs and hyperbola- 
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graphs, from which it was concluded that no great success had 
been achieved in these directions. For describing these curves the 
string and straight-edge are generally resorted to, and even recom- 
mended as the only “ mechanical” means, though Professor Sylves- 
ter, who investigated the “ Peaucellier cell,” and invented many 
novel uses and forms of it, developed a system of linkages from it 
with which it is possible to describe the ellipse, parabola and hy- 
perbola, as well as other complicated though definite curves. 
Many links are brought into action in his apparatus, but the result 
is obtained with mathematical exactness. 


Having read the two instructive and suggestive articles in the 
Scientific American Supplement, by Professor MacCord, of Stevens 
Institute, in which he described two possible machines—one for 
drawing the hyperbola, and another for drawing the parabola—the 
writer became interested in the subject, and undertook to solve the 
-same problems mechanically, and by cutting across lots the results 
aimed at were obtained in a comparatively simple manner, and 
there were embodied in a single instrument elements which admit 

of such transposition as to make it possible to delineate not only 

the parabola and Lyperbola, but the ellipse as well; hence the 
name “ Conicograph.” 
- 


= 


In order that the “ reasons why ” may be well understood it might 
be well to show how the “ Gardener’s Ellipse” is described with the 
string and pins, as this illustrates an important property of the 

ellipse, namely, that the sum of two lines drawn from the foci to 
meet at any point in the curve is equal to the major axis. 

Having first determined upon the length of the major and minor 
axes, take a string (having a loop at each end) of a length equal to 
the major axis, and double it, using the half length thus obtained 
as a radius with which from one extremity of the minor axis as a 


center, describe an are, cutting the major axis in two points equi- 
distant from its center. Where said are intersects the major axis 
will be the foci, and by securing the looped ends of the string afore- 
said, one at each of these focal points by pins, we will find that 
when the string is drawn taut in any direction with a marking 
point, said point will lie on the curve. 


Referring to the diagram, Fig. 38, let AB be the major axis 


and C D the minor axis of an ellipse. With A L (half of A B) as_ 
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a radius and C or Das a center describe an are cutting the line A B 
at the foci E and F, then C is a point in the eurve, since C E + 
CF= AB. If the marking point be passed to the position G, 
and both parts of the string kept straight, the requirements are 
fulfilled, and G is a point in the curve, for EG +GF=AB. 


Father 


be produced, and GH 


be made equal to GF, = * 
the whole line EH will 
be equal to A B. This is 


true of course wherever 
the point G is taken on 
the curve, and the point 
H will always lie on the 
cireular are Hh. whose 


center is E, and whose 7 Find! 

radius is A B. (This line D 


might be called the direc- 
trix of the ellipse, since its relation to the curve seems to be the 
same as the directrix of a parabola to the parabola.) If the angle 
F GH be bisected by the line 8 T, said line will be tangent to the 
ellipse at the point G and will always be at right angles to the 
line F H which it also bisects. 

In designing a mechanism which will preserve these conditions in 
all positions, a parallelogram of equal links (see Fig. 39) 1, 2, 3 and 
4,is employed. The links 1 and 4 are jointed at the focus F; 2 
and 3 to one extremity H. of the adjustable radius bar 6; 3 and 4 to 
one end §, of the tangent bar 5, while 1 and 2 are jo-nted at T and 
control the direction of the end T of said tangent bar 5. Now if 
the points E and F of this linkage be located at the foci of the 
required ellipse whose major axis is equal to E H, the intersection 
of the lines E H and S T may be shown to be a point in the ellipse. 
At this point then is arranged a compound slide carrying a mark- 
ing tool so that by swinging this system of links in the lane of the 
paper, about the two controlling points E and F, the circumference 
of the required ellipse will be traced. As constructed, this instru- 
ment will not describe the entire ellipse at one setting (owing to 
the interference of some of the parts), so that after drawing one- 
half of the figure, the points E and F must be transposed before 
the remaining half can be drawn. The size of the parallelogram 
limits the maximum capacity of the instrument as an ellipsograph 
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for describing closed carves, since the marking point G always lies 
within it. The only requisite to increase the maximum capacity 
is the substitution of longer links in the parallelogram. However, 


with the instrument shown, incomplete ellipse curves may be 


Fiy.39. 


‘drawn with any required distance between the foci, the limit being 


the length of the adjustable bar (6) employed. The minimum 
capacity of the device is also limited, the consideration in this case 
being the least possible distance obtainable between the focus F 
and the marking point, when the latter is at that extremity of the 


major axis which is nearest the focus F aforesaid. (See dotted 
A 
_ position in Fig. 39.) 

In constructing the instrument shown in perspective in Fig. 40, the 
links of the parallelogram should be of some light stiff material, pref- 

erably steel, and substantially jointed at their extremities to the — 
upper end of four short supporting pillars, those at S H and T : 
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terminating at the base in the form of smooth-bottomed disks 
which may slide freely on the plane upon which the ellipse is to 


be traced, the fourth pillar at F having a shouldered needle-point 


in its lower end which punctures the drawing paper in one of the 


foci of the required ellipse, and forms one of the controlling points 
of the mechanism. 


The tangent bar 5, is jointed at S to the upper end of one of 


these supporting columns, and extends toward the opposite angle 


of the parallelogram, where it passes freely through a slide at the 


top of the column T, so that whatever be the distance between the 


points F and H, the tangent bar exactly bisects it. The adjustable 


link 6, lies in a plane above the tangent bar 5, and one end thereof 
is jointed to the upper extremity of the column at H. Upon this 


bar is placed an adjustable slide which is secured in position by a 


clamping screw entering it from below, said screw forming the 


supporting column at E, which terminates at the base in the form 


of a shouldered needle-point. This slide must be so placed along 


the bar 6, that the distance between the centers of the columns 
E and H shall be equal to the . 
major axis of the ellipse to be ; - al 


drawn. By arranging scale 


on said bar, the only setting 


required can be very readily 
made. 


c 
The bars 5 and 6 are made of A q - -— 
brass tubing in preference to other q 
material, and the general stabil- 
ity of the apparatus might be 7 
increased by substituting a stand- \ 


ard at E with a large flat base, 


and swinging the bar 6 from its upper end, thus preventing the 
twisting action which otherwise tends to deflect said bar. | 

The compound slide at G, which carries the marking point, is 
shown enlarged in Fig. 41, and, as will be seen, consists of the two 
parts q@ and b of rectangular cross-section through the first of which 
slides the adjustable bar 6, while through the latter, slides the tan- 
gent bar 5, and these two parts are so jointed to one another 
that they may revolve in parallel planes about a common vertical 
axis. As the metal tubing from which these parts are made is 
quite thin, the construction shown was resorted to in order to get a 
swivel between them—using a disk counter sunk into the upper 


= 
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slide and riveted into the lower one. Extending downward from 
the under side of the lower, or tangent bar slide, is a tubular socket, 
into which may be placed the marking device, either a pencil @ or 
a pen @, and since the former is subject to wear, it is arranged 
in a spring socket as shown, thus also insuring a uniform pressure 
over slightly irregular surfaces 

Your attention is particul: wy called to two important advant: wes 
possessed by this instrument. First, when the blades of the pen 
are placed in proper position to draw a line in the direction of the 
tangent bar, said pen is always guided thereby exactly in the direc- 
tion of the curve, and thus gives a better line than can be drawn by 
any other instrument made for a like purpose. As far as the 
writer can discover, this is the first time this result has been ob- 
tained in an iemaegh. The second feature is that it is possi- 
ble to draw any number of curves parallel to the ellipse, either 
larger or smaller than the original tigure, and this is often very 
desirable, as, for instance, in drawing elliptical gearing. A curve 
parallel to an ellipse is not an ellipse, and is therefore out of reach 
of all ellipsographs heretofore made. To do this with the instru 
ment shown, it is only necessary tu place the marking point the 
required distance from the center of the 
compound slide and at right angles to 
the direction of the tangent bar. The 
attachment shown in Fig, 42 is designed 
be used in place of the regular mark- 
ing device, and can be readily secured in 
proper position on the pendant sleeve 
of the compound slide, and easily adjusted 

to draw curves parallel to the ellipse. 


I1].—Tue 

In reference to the particular property of the parabola, of which 
advantage is taken, Davies’ Descriptive Geometry may be quoted : 

“Tf a right line, E D, and a point, F (Fig. 43), be taken in the 
plane of the paper, and a point, as G, be so moved in this plane 
that the distance irom F be constantly equal to its distance from 
E D, that is, G F = G H, the point G will describe a curve called 
a parabola. The line E D is called the directrix of the parabola, 
and the point F the focus; the line A F, perpendicular to E D, 
the axis, and the point B, in which the axis intersects the curve, 
the vertex of the — Points of the curve may be found 
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hus: take any point in the directrix, as E, and draw, E F to the 
ocus; draw also, EL perpendicular to the directrix, and at the 
point F make the angle E F L equal to the 

angle FEL, then the point L, at which 


the lines E L and F L intersect, is a point — 


of the curve, 


How nearly this Conicograph can be — 


5! 


| made to fulfill these conditions will be \\I 
seen by the following: reference being F 
made to the diagram, Fig. 44, and the per- T Ep 


spective, Fig. 45, wherein the bar 6 is 
shown as controlled by its “Tee” head and the straight-edge 
V W, so that it lies constantly 
parallel to the axis of the para- 
+ bola, and the point H thereon 

ie may be made to lie always on the 
\ directrix ED. Let F be located 
am in the focus, and the angle of the 


parallelogram opposite to F be 
Ak pivoted to the point H of the bar 
= |] 6, then F H is exactly bisected at 
- O by the tangent bar T, since 

JY cial \ Iw HT=FT. If, from the point 

H, G be drawn perpendicular 

to the directrix, it will intersect the tangent bar S T at G, a point 
in the curve for GH =GF and HO=OF._ Since GO is 


ij 


common to the two triangles, O GH and OG F, the angles FHG 


and HF G are equal. 


- 


\ 


In order to adapt this instrument to these conditions, the adjust- 
able slide E shown in Figs, 39 and 40 must be removed from the bar 
6, and the attachment shown in Fig. 46 secured to said bar by the 


i" we os screw at H, which transforms the bar 6 into 
ye * the “ blade” of a Tee square, the attachment 

forming the “head.” In drawing the para- 
7 LF aN bola with this device a straight-edge must be 

Pr SX pk aced on the paper, parallel to the directrix, 
Fd. _s and alittle way from it. Along this straight- 


. edge the head of the Tee square must be 
moved while describing the curve, thereby keeping G H at right 
angles, with the directrix E D and TH always on it. 

—_ The attachment shown in Fig. 42 is applieable to the parabola as 
— well as to the ellipse, and with it curves may be drawn parallel to 
the parabola. In inking these parallel curves the pen is always 
directed by the tangent bar, as in the case of the ellipse, and with 
equally perfect results. 


Hyprrsora. 


In reference to the hyperbola, Davies may be again quoted : 
“Tf two points, E and F (Fig. 
47), be taken in the plane of the 
- paper, and a point, G, be moved 
with the condition that it con- 
tinue in the plane of the paper, 
and that the difference between 
the distances F G and EG bea 
constant quantity, the point G 
will describe a curve, P A G, 

called an hyperbola... . The 
points Eand F are called the 
foci, the line B A is named the 
_ transverse axis, and the points 

B and A, in which it intersects the curve, are the vertices of the 
-hyperbolas.” 

Applying this Conicograph to describe an hyperbola, let the 
needle-point of F (See Fig. 48, and perspective, Fig. 49), be 
located at the focus of the hyperbola to be drawn, and the 
needle-point of E at the focns of the opposite hyperbola. 
In drawing an ellipse the slide G, carrying the marker, is 
always between the points E and H, while for drawing the 


~ 
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hyperbola it must always be placed beyond H. In order to | 
have it so located, the point H, in the adjustable bar 6, must 
be pivoted (by means of the 


said bar extending through the compound slide G, the other 
through the adjustable slide E. Taking Gas a point on the eee: 


therefore, if E be taken as a center and E H as a radius, the point 
I will describe the curved directrix Hh (Fig. 47). Bisecting F 
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Hi with a line at right angles thereto will locate the tangent S T. 
The angle G F II being equal to F H G, locates G as a point on 
r the curve, and also as the point of tangency of the tangent bar 5 to 
the curve. Further, EP F P= Eh = EU, therefore P is 
another point on the curve of the hyperbola. 
In drawing an hyperbola, then, with this Conicograph, the “ set- _ 
tings” are as follows: 
First, locate E on the adjustable bar 6, at a distance trom H 
equal to the transverse axis B A of the hyperbola—then make 
A F=DBE, and locate the needle-points of the instrument in the — 
foci E and F. 
By swinging the point H of the linkage as far as possible above 
and below the axial line, the marker attached to the compound 
slide at G will trace the required curve. To draw the curve of the 
é opposite hyperbola the points E and F must be transposed, as in 
the case of the ellipse. 


: The attachment shown in Fig. 42 may be used for — 
curves parallel to a given hyperbola. 

This drawing-instrument is presented for your consideration 
more as a novelty and curiosity than as a perfect machine, though 
even in its imperfect state it proves to be a very serviceable Conic- 
ograph, as the few specimens of drawings shown at the meeting 
in connection with this paper will attest. 

> 
DISCUSSION. 
7 Prof. MeCord.*—I did not attempt in the reference which M, 


Campbell has made, to do what he has so admirably succeeded in 
doing, that is, to produce an apparatus which is capable of drawing 
all the curves. I expressed the opinion some time ago that I did 
not think, and I do not think now, that many gentlemen in our 
profession will be greatly benefited by an apparatus of this kind; 
that is to say in general; the drawing of hyperbolas and parabolas 
ean be better effected without an instrument than with one; but — 
for all that the ingenuity displayed in this is just as admirable. 
There will be special cases, however,-where this instrument would 

be very useful. There is no doubt of that. But Mr. Campbell 
has done what I have not done. He has got something which is 
different from anything which I had, and something which is more 

7 general in its application than T had produced or hoped to produce. 


* Present by invitation. 


paratus is its ability to draw curves parallel to the ellipse. In lay- 
ing down the lines for elliptical gearing, it is usually necessary to 
substitute for the ellipse a series of circular arcs, for the purpose of 
constructing conveniently the addendum and root curves, which by 
this instrument can be drawn direct, and parallel to the pitch line, | 
which is an ellipse. . 

Mr. Wm. Kent.—1 have had recently occasion to want a glass 
cylindrical mirror made—not exactly cylindrical—but in the shape 
of an ellipse, and it strikes me that this apparatus may lead to the 
development of a machine which will grind the glass in that form. 
The apparatus might be constructed so as to generate an ellipse of 
the section needed; and instead of a pencil, it can have a rotating 
grinding or polishing wheel attached to the arm, which would 
yrind or polish the required curve. 

Mr. P. A. Sanguinetti.—I would like to make a remark which 
has occurred to me, following the train of Mr. Kent’s observation. 
I have had occasion to require pieces of flat glass cut to an exact 
elliptic shape, and of different sizes. I found some difficulty in 
having the glass cutter make them correctly, even after furnishing 
him with a paper templet, over which he would lay the glass, and 
follow the outline with the diamond. Now if the diamond could 
be made to take the place of the pencil point in this instrument, I 
think it would afford a very easy and correct method of cutting 
the glass to any sized ellipse required within the limits of the 
instrument. 

Mr. G. C. Henning.—\ do not think that any one has mentioned 
one of the most common purposes to which this apparatus can be 
put. Several railroads are introducing parabolic curves on their 
systems. These companies, of course, must have the parabolic ap- 
paratus to describe the parabola in laying out the drawing, and as 
that is generally left to the younger draughtsmen, it is highly im- 
portant that we have an apparatus which does represent the curve 
closely, and in that respect I think the apparatus will find consider- 
able application, 

Prof. De Volson Wood.—An engineer of eminence, who had 
examined parabolic curves and circular arcs, as he had constructed 
them, said that from practical observation in riding on the trains 


on those roads where they had put in parabolic ares for the pur- 
pose named, and on other roads where they were constructed 
according to his idea, that he preferred the circular arc. I make 


24 


ws NEW CONICOGRAPH. 155° 
i i j 
Mr. A. B. Couch.—One of the special conveniences of this ap- | 
° 
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this remark, so that if this society should be disposed to go into 
parabolic ares for railroads, they may know that there is another 
side to the question. 

Mr. Kent.—An engineer of the Pennsylvania Railroad Company 
told me some years ago that the proper form of curve is the elastic 
curve—not the parabolic or hyperbolic, but the elastic curve, which 
very gradually departs from a straight line and gradually increases 
its rate of curvature. 

Mr. W. B. Le Van.—The Swedish Government uses elastic 
curves entirely for their railroads. 

Mr. Henning.—I referred to the Pennsylvania Railroad. On 
that road they change their curves to parabolas, where they are 


now circular, especially on the mountain division, where the grades 


are heavy and the curves sharp. 

Prof. J. B. Webb.—I have not heard the whole of this disens- 
sion, but there is one thing which may be said in favor of this in 

strument—it does not attempt to make the whole ellipse at one 
setting. It has been said against some ellipsographs that they 
make only semi-ellipses; I do not believe that any instrument 
sufficiently complicated to make the whole ellipse and guide the 
pen around the curve will ever be of practical use. As this instru- 
ment draws also the parabola and hyperbola, it may be added that 
it is not possible to make the whole of either of these curves at 
once! I have one other remark to make, suggested by Professor 
Wood's criticism—I suppose that, even if circular arcs are to be 
adhered to for railroad curves, this instrument need not be thrown 
out as, I believe, it will also construct a circle. 

Mr. Campbell.—I might add in connection with the last state- 
ment that the instrument is capable of drawing a circle and also a 
straight line and a square! 
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iene BY BENJAMIN BAKER, FORTH BRIDGE RY., ENGLAND. 


(Honorary Member of the Society.) 


Tue author has selected the above somewhat elastic title because, 

whilst anxious to accede to the request to bring certain results of 
his experience before the society, he has not had sufficient time, in 
the pressure of other duties, to analyze and arrange these results as 
he could wish. 


Few engineers of experience who have had to deal both with ma- 
_chinery and with structural iron work, such as railway girders, can 
have failed to note inconsistencies in practice, and general vagueness 
as to the meaning and use of such terms as safe working stress or 
factor of safety. Rankine defines factor of safety as the ratio in 


which the ultimate strength exceeds the working stress, and assigns - 
to it a value of 4 to 6 for ordinary steel and iron subject to a vari- | 
able load. But if we consider for a moment how the proportions : 
of almost all parts of a machine, from the axle of a country cart to 
coupling rod of an express engine, have been arrived at, we shall 
see that it has been by the gradual strengthening of the parts which 
had proved by accumulated experience to be too weak, and not by 


_ calenlating the dimensions on the basis of a factor of safety of 4 to 6. 
’ To illustrate this fact we cannot, indeed, select a better example 
than that of the coupling rod of a locomotive engine. Thirty to forty 


years ago the coupling rods in general use were round rods, about 
2% inches in diameter at the center and a trifle smaller at the ends. 
lhey were next changed to flat rods about 34 inches deep by 14” 


thick, and subsequently the dimensions were modified to 4 inches 


by 1} inches. Finally, we have now on many railways girder sec-— 
tion rods 44 inches deep, 2} inches wide over the flanges, and } inch — 
thick in the web. Why were the successive modifications intro- 
duced ¢ Obviously as the result of experience, and not of caleu- 

lation, or of increased power in the engines. The sectional area at _ 
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the center of the round rod was 5.4 inches: of the first mentioned 


flat rod 5.25 inches ; of the second 5 inches, and of the last 6.4 inches. 
In no case would the direct stress on the rod, even assuming all the 
power of the engine were transmitted through it to the coupled 
wheels, exceed 6,000 Ibs. per square inch ; therefore direct stress had 
nothing to do with the alterations. What happened was this: 
Failures occurred with the round rods, and some shrewd, practical | 
man instinctively concluded that the fracture occurred from trans- 
verse stress, and altered the section to a deep flat bar better able to 


resist bending. Theoretical considerations show the justice of this — 


conclusion. Ata speed of 50 miles an honr, the stress on the round 

coupling rods of an old type Great Western Railway engine, the — 

writer finds, must have been 14,500 lbs. per square inch from cen- | 
trifugal force alone, or say, 17,000 Ibs., including the direct stress 
from the engine. This stress has since been gradnally reduced until 
with the most modern girder section rods, the combined stress 
from centrifugal force and steam pressure does not exceed half of 
the above, or 8,500 Ibs. per square inch. 

Now, what is the factor of safety in the latter instance? Under 
direct pull the coupling rod would stand an ultimate stress of say 
50,000 Ibs. per square inch; under direct compression say 20,000 
lbs.; and under transverse stress, which as we have seen is the one i 
determining fracture, the calculated ultimate stress on the extreme 
fibers would be about 80,000 per square inch. Is the factor of safe 

80,000 17,000 


—_—_. — 9.4, oris it = 2? Experience has shown 
8,500 8,500 


ty here 
that the coupling rods are sure to fracture ultimately if the stress 
reaches 17,000 Ibs. per square inch; and the writer’s experi- 
ments, to be hereafter referred to, point to the same conclusion. | 
By making the working stress half the breaking stress as deter- 7 
mined by actual practice, adequate security is found to be attained. 

As it is with coupling rods so is it with other parts of machinery. 
A pin or some other member repeatedly fractures ; it is made some- 
what larger and stands. 

Let us now consider for a moment another class of structure—_ 
railway bridges. The Conway tubular bridge, which has carried the 
heavy trafic of the London and Northwestern Railway for the past 
36 years, is 412 feet in span, and under its own weight the tensile 
stress is 13,000 Ibs. per square inch. With ordinary trains the stress 
is 17,000 lbs., and if covered with the heaviest engines in use on the 
line, 20,000 Ibs. per square inch. The ultimate strength of the riv- 
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thing to suggest that the factor of safety, of say 2 to 21, | is unduly 

low. 
On the other hand, railway experience has amply proved that with 
small span, and therefore light girders, such stresses as the above 
would quickly lead to destruction. For that reason, in structures 
such as the * Elevated Railway ” of New York, the stresses are wisely 
limited to 8,000 Ibs. per square inch in the flanges of the girders, 
7,500 Ibs. in the web bracing, and 4,500 lbs. where members are 
subject to alternate tension’and compression. Although in Great 
Britain the Government regulations still authorize 11,200 lbs. per 
square inch on the net section, and in France 8.500 Ibs. on the gross 
section, irrespective of the character of the load or the span of the 
girder, engineers of the present day do not act up to these regulations. 
In Great Britain a stress of 9,000 Ibs. per square inch net section is 
seldom exceeded in light girders. In a recent German bridge over 
the Danube, the permissible stresses ranged from 6,900 lbs, to 13,000 
lbs; and in a recent Hungarian bridge, over the same river, from 
8,700 Ibs. to 11,000 lbs. per square inch, according to the character 
of the loading. In one of the latest French bridges the Govern- 
ment authorized a stress of 11,400 Ibs. per square inch gross sec- 
tion, in lieu of the usual 8,500 Ibs., on the grounds of the dead load 
constituting an exceptionally large proportion of the whole. Again, 
the Russian Government last year issued new regulations by which 
the limiting stresses were fixed at 8,500 lbs. per square inch for 
bridges under 50 feet span, and 10,300 lbs. for those over 100 feet 
span. Thus, whether we take the case of the coupling rod of a loco- 
inotive, or the bridge over which the locomotive runs, we find that. 
engineers have learned by experience the important truth, that the 
strength of a structure or piece of mechanism cannot be determined — 
by the simple process of breaking a piece of the material in a_ 
testing machine, but must be ascertained either by the gradual ac-— 
pe ation of the results of actual working, or by testing the ma- 
terial under conditions as far as possible analogous to those obtain- 
ing in the case under consideration. 
Wohiler’s experiments on the so-termed “ fatigue” of metals are 

well known. The writer, wishing to satisfy himself as to the be- 
havior of modern structural steel under different stresses, has, dur- 


ing the past few years, carried out experiments in some respects 


simatler to, and in others differing from, those of Wéhler’s; and has 


| 


also made analogous tests of hard steel and of iron. The experi- 
ments may be roughly classitied under four heads: (1) Rotating 
spindles with a weight at the free end, causing alternate tension 
and compression on the fibers as the spindle revolves. (2) Flat 
bars bent in some cases one way only, and in other cases both ways. 
_ (3) Specimens so designed as to give alternate direct tension and 
compression on small pieces of metal; and (4) Full-sized riveted 


girders. 
Series No. 1. 


No. Revolutions. Stress per sq. inch. Factor 
Soft Steel. 
40,510 36,000 
60,200 36,000 
68,400 34,000 pe. 
92,070 


107,415 
128,650 


155,295 
876,432 26,000 


Hard Steel. 
5,760 67,000 
7,560 65,000 
14,60 53,500 
16,300 “ 
26,100 46,500 
$2,445 51,000 


157,815 40,500 
472,500 34,000 


Best Bar Tron. 
108,160 34,000 
110,000 35,000 
141,750 34,000 
389,050 82,000 


io 


21. 408,000 30,200 
22. 421,470 32,000 
23. 480,810 31,000 


Ww Ww Ww 


The above series includes a representative number of the writer's 
experiments with rotating spindles. As a rule, the spindles were 
1 inch diameter, and projected about 10 inches from the end of 
the revolving shaft in which they were fixed. A speed of between 
50 and 60 revolutions per minute was maintained day and night. 
The “ soft steel” was fine rivet steel, having a tensile strength of 
from 60,000 Ibs. to 64,000 lbs. per square inch, and an elongation 
of 28 per cent. in 8 inches. The “hard steel” was a high-class 
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Factor 
2.56 
6 
1.88 2.82 
10 193 2.90 
11 2.36 ’ 3.45 
12 
‘ 979 a 
14 2.40 3.60 
16 3.70 5.55 
18 166 32 
19 38 
9 - 
2.00 30 
1.90 iva 


“drift” steel, having a tensile strength double the above, and an “ 
elongation of one-half the extent. The “iron” was the best rivet 
iron, having a tensile strength of from 58,000 to 61,000 lbs., and 
an elongation of 20 per cent. ‘“ Factor a” is the ultimate tensile 
strength per square inch of the specimen divided by the calculated 
stress upon the outside fibers, due to the load on the end of the — 
- projecting bar. “ Factor )” is the ratio of the static load required 
to bend the bar a moderate amount beyond tle elastic limit, to the — 
load actually imposed upon the revolving bar. These definitions 
will be made more clear in further references to the table. a 


Serres No. 2. 


No. of Bends. neon Stress per sq. inch. Factor a. 
Soft Steel. 

12.240 44,000 1.59 
12,3250 
12,410 
18,100 42,000 (167 
18,140 
72,4200 86,000 
147,390 34,500 2.038 
262,680 34,000 2.05 
1,183,200 27,500 (2.55 


3,145,020 34,500 


Best Bar Iron. 


184,875 34,000 
250,513 
3,145,020 


The above series is a selection from the writer's experiments with 
flat bars bent laterally. Generally the bars were 1 inch wide by 3 
inch thick, and 32 inches long between the bearings. The steel 
specimens were cut from the tension member plates of the Forth 
Bridge, and had a tensile strength of about 70,000 lbs. per square — 
inch, and an elongation of 20 per cent. in 8 inches. The iron 
specimens were rolled bars. 

A caretul consideration of the results of the preceding experi- 
ments will, the writer thinks, illustrate many points of interest to 
practical engineers. Experience has shown that screw shafts, and 
axles generally, made of the finest quality of high tension steel are 
not practically as strong as when made of soft steel, having theo-_ 
retically perhaps little more than half the strength of the former. | 
Referring to Series No. 1, we find, comparing experiments 8 Seok 
14, that under working stresses in each case equal to about 40 per 
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led him to anticipate; but it by no means follows that-the very 


piece of metal tested by Professor Kennedy and found uninjured 
would not have broken a few days after in actual working. A 
man of 70 years of age may be as sound as he was at 20; but the 
50 years have told on him nevertheless, and the breakdown is cer- 
tainly near and may be sudden. Having referred to Professor 
Kennedy’s lecture, it is necessary perhaps for the writer to say that 
he does not agree in some of the conclusions set forth therein. 
Thus, Professor Kennedy expresses his belief that the failure of 
coupling rods occurs as much by the gradual disintegration of the 
dirt between the laminations, and the oxidation of the iron, as by 
vibration and repetition of load; and that a homogeneous material 
like steel remains comparatively uninjured by repetition. This of 
course is negatived by the results of the experiments cited in the 
present paper. Professor Kennedy further says: * Ifa load exceed- 
ing the limit of elasticity be applied a considerable number of times 
the bar will be actually broken, but at the same time we know that 
if any load exceeding the limit of elasticity be but once applied, 
the structure to which the bar belongs is distorted and rendered 
useless.” This the writer thinks is a dangerous fallacy, tending to 
delay the application of truly scientific principles to the design of 
structures and mechanism. 

Both the bridge engineer and the mechanician must reckon with 
the fact that, owing to the contingencies of manufacture, parts of 
the metal in every structure are subject to initial stresses exceed- 
ing the elastic limit; but fortunately it is not true that the struct- 
ure is thus * rendered useless.” Almost every plate and angle bar 
of a bridge is cold-straightened before going into the work, which 
means, necessarily, an initial stress exceeding the elastic limit. Boiler 
shells are bent cold, and heavy initial stresses close up to the elastic 
limit remain permanently in operation. The writer has calculated 
the intensity of these stresses, and verified his results by cold 
straightening bars, planing away the outside skins on each side and 
thus relieving the bars of one couple of initial stresses, and leaving 
the other couple near the neutral axis to operate. The result has 
been that the bars have ceased to retain their straightness, and 
have become curved to the extent of 4 inch, or other amount indi- 
cated by calculation. Similarly, lathesmen well know that a long 
shaft often wobbles when the outer skin is turned off, and many 
other instances will occur to practical men, proving beyond contest 
that, in almost every metallic structure, some parts of the metal 


—— 
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are stressed beyond the elastic limit. The effects of repetitions of 
stress cannot therefore be ignored, even where the nominal, or 
average, stress on the metal is, small, because the possible heavy 
initial stress near the neutral axis may lead to the establishment of 
a growing flaw, commencing at the center of the cross-section of 
the bar, and therefore undetectable. 

As regards riveted structures, it is of course the aim of both en- | 
gineer and manufacturer to insure every rivet griping the plates 
with a stress fully up to the elastic limit. M. Considére, who has 
recently completed a most important and scientific series of experi-_ 
ments on riveted joints, sums up thus: “In all constructions in 
which the riveted portions have not already commenced sliding, 
the rivets work solely by longitudinal tension, and the adherence 
which this tension gives rise to between the plates in contact con- 
stitutes the sole resistance.’ And further: “ Any alternating stress 
in excess of that adherence rapidly dislocates the work.” The 
writer’s experiments fully confirm these conclusions. At the 
Forth Bridge the rivets in the heavy bedplates are 1,3, inch diame- 
ter, and pass through 8 inches thickness of plates. Closed with 
hydraulic riveters of 40 tons pressure, the rivets as a rule fill 
the holes fairly; but care is taken that the stress is kept within 
the frictional adherence arising from the elastic grip of the rivets. 


With rivets of the same length as those in the bedplates, the aver-_ 
age resistance to sliding was found to be equivalent to a shearing 
stress of 14,500 Ibs. per square inch of rivet area; whilst the 
maximum shearing stress ou any rivet in the bridge is limited to 
11,200 Ibs. per square inch. M. Considére found that with ordi- 
nary riveting he could reckon upon an adherence of from 11,300 lbs. 
to 14,400 Ibs. per square inch, which closely agrees with the former 
results, The writer, by testing plates in ordinary condition, secured 
with bolts screwed up to a known tension, fouyd the coefficient of - 
friction averaged 4; and he also found the soft steel rivet, after 
being closed up under hydraulic pressure, had an increased ultimate 
strength of 10 to 15 per cent., ard an elastic limit of about 45,000 
lbs. per square inch. Now 45,000 Ibs. x 4 = 15,000, which was 
the ascertained resistance to sliding of the plates; and it is clearly | 
demonstrated, therefore, that in sound work the rivets are perma- had 
nently strained up to the elastic limit. This result was further 
confirmed by temperature experiments, measurements of contrac- , 
tion of rivets,-and other means which need not be detailed here. 
In order to ascertain whether alternating stresses were as preju- 


q : 


dicial to members, such as piston rods, subject to direct pull and 
_ thrust, as to shafts subject to transverse bending, the writer carried 
out a series of experiments on specimens so designed as to give 
alternate direct tension and compression on small pieces of metal. 
These specimens were of three types illustrated (not to scale), by 
Figs. 50, 51, and 52. In the first, the pieces of metal tested were 
sometimes of round and sometimes of flat cross-section, and were 
bolted to a couple of spring bars, as shown on the sketch; the 
stress being applied by opening and closing the legs of the tongs, 
and thus putting the metal into alternate tension and compression. 
In the second group, the spring bars and specimens were all sawn 


ih, 


and slotted out of one piece of steel, and the necessity of constantly 

tightening up the nuts was thus avoided. In the third the speci- 

mens were shaped as shown by Fig. 52, and a bending stress applied 
at the center of the bars. 


Soft Steel. 1. ‘ay 


No. of Stress per sq. inch. Factor a. 
008 37,000 1.90 


(49,320 86,000 1.84 

( 29,568 (hard steel). 16,700 so al 4.90 

52 { 230,513 35,000 2.00 

294,735 25,000 2.80 
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Other experiments were made, but the above are sufficient to 
prove that alternating stresses are at least as prejudicial when the 
stresses are direct as when they are indirect. 

a: 
The writer has availed himself of the opportunity afforded by 


the large use of special plant and machinery at the Forth Bridge 


Works, to note the influence of varying stresses on full-sized riveted 
steel girders. These observations are still in progress, and can be 
but very briefly referred to herein. In one instance the lever of - 
a large plate-bending press is of box girder section, built up of 


or 


eight 4" x 4” x §" angle bars, two 13” x }’ web plates and two 
7” x 4x § flanges. The span is 15 feet 8 inches, and the ordinary — 
daily working stress on the metal is 43,000 lbs., and occasionally 57,-_ 
000 lbs. per square inch. Many thousand applications of this stress 
have been made, and the beam has taken a permanent set of 3, 
but so far is otherwise intact. Observations are also being made_ 


«. Ti & | 


of the behavior of sixty riveted steel box girders of 18 feet span, 
built up of two 12” x 3” channels and two flange plates; which 
girders are subject to very many thousand repetitions of stress rang-— 
ing from zero to 13 tons per square inch, 

As regards the important question of the proper working stress. 
on iron and steel, the writer’s experience leads him to believe that. 
both the old-fashioned government regulations, giving the same 
limiting stress for all kinds of loading, and the modern formulae, 
based chiefly on Wohler’s experiments, fail to meet the just require- 
ments of the practical engineer. It is in many cases a great | 


economical advantage and convenience, to have reference not merely — 
to the variation of stress, but also to the probable number of ap- 


plications, For example, the writer knows the bending press box 
girder lever, previously referred to, will last its time, althoagh the 
working stress is about % of the ultimate strength of the material; 
and it would have been a mere waste of money to make it four 
times as strong, and so give it the factor of safety of 6—usual ot 


proper enough for a structure such as the “ Elevated Railway” of 
New York, where a practically infinite number of repetitions of 
stress have to be provided for. Again, in many instances it is 
preferable to face the fact of occasional breakages than to attempt — 
to give the strength required to insure absolute durability. Thus, 
in case of railway springs, a fractured leaf is a common and unim- 
portant incident, little to be wondered at, as the working stress 
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often ranges from 60,000 Ibs. to 80,000 Ibs. per square inch, on 
steel having in its tempered condition an ultimate tensile strength 
of about 160,000 Ibs. per square inch. If it were as essential to 
guard against the failure of a spring leaf as it is to guarantee the 
safety of a railway bridge, it would be necessary to more than double 
the number of leaves in most springs. 

In all works, temporary or permanent, where the stress alternates 
from tension to compression, large rivet area must be provided, asa 
very few repetitions suftice to loosen rivets. Where metal has been 
subject only to compressive stresses of varying intensity, the writer 
has not so far been able to detect any deterioration, and he takes 
account of this fact in settling the proper working stress on the 
struts of bridge trusses and similar works. 

Twenty years ago, being uncontrolled by government reguiations, 
the writer adopted a working stress of 16,000 Ibs. per square inch 
on many large iron girders carrying a heavy dead load ; although 
at that time a depestane from the universal 11,200 Ibs. per square 
inch was regarded with suspicion. The results of modern research 
have, however, now given the engineer a free hand, and the British 
5 tons per square inch and the Continental 6 kilos. per square mil- 
limeter have ceased to be regarded with superstitious reverence. A 
machine or a bridge can only be well proportioned by carefully con- 
sidering the special conditions of the case, in the light of experi- 
mental data and past experience. <A string of formule will not 
make an engineer. 

In concluding this necessarily very hurried and imperfect paper, 
the writer would like to bear testimony to the admirable behavior 
of a very good friend of his—mild steel. During the past three 
years he has had to deal with about 24,000 tons of that material, and 
to submit it in many cases te very harsh treatment. He has had 
more cases of so termed “ mysterious fractures”? with the few tons 
of wrought iron, used for certain temporary purposes, than with the 
whole 24,000 tons of steel. This result of his experience may be 
of interest to brother members of this society who now are, or will 


doubtless be, large users of mild steel; and the testimony is perhaps” 
of the greater value as the work at the Forth is pressed on day and 
night, and no precautions are taken which would not equally be- 
necessary, were the material the highest class of Lowmoor iron, 
costing double or treble the price of the steel. 
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DISCUSSION. 


Prof. De Volson Wood.*—There were two points in this paper 
which struck me, and to which I am pleased to call attention. The 
first is on the eighth page. 

“ This, of course, is negatived by the results of the experiments 
cited in the present paper. Prof. Kennedy furthersays: ‘Ifa load 
exceeding the limit of elasticity be applied a considerable number 
of times, the bar will be actually broken, but at the same time we 
know that if any load exceeding the limit of elasticity be but once 
applied, the structure to which the bar belongs is distorted and ren- 
dered useless.’ ” 

It is the last part of this quotation to which I wish to cal] atten- 
tion—that if a bar is strained beyond the elastic limit it is made 


useless. Some years ago, when preparing a book upon this sub- 
ject, I came across some experiments made by Hodgkinson, given 
in my Z'reatise on the Resistance of Materials, on page 44. A bar 
of iron was broken; then one of the pieces was broken again, and 
then thirdly a piece of that one which was broken the second time | 
was broken again. The section of the piece was thus reduced, but 
it took more to break the second piece than it did the first, and 
more to break the third than it did the second. The section of the 
third piece was ten per cent. less than the first, but it required a 
stress twenty per cent. greater to break it. I wrote something like 
this: “The repeated fracture of iron makes the pieces stronger.” 
When I revised it I thought that was pretty strong; I was not cer- 
tain of the demonstration ; so I put in the word “ apparently.” I, | 


Fia. 91. 


however, had not completed the book before we received an ex- 
periment, made at the Navy Yard at Washington, and a record of - 
that experiment is given on page 250, and it was that experiment 
which is so full of interest. The identical pieces which were used 
in making those experiments are on exhibition in my lecture room, Fi 
at the Stevens Institute of Technology. The piece had two eyes, — 
Fig. 91, the ends being greatly enlarged, so that there would, ap-_ 
parently, be no danger of fracture through those. Now this par- on 


* By invitation. 
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ticular specimen was being pulled apart at a. As Commodore 
Beardslee said, the piece that was being pulled apart evidently had 
failed. It was being reduced at this point, when, for some unex- 
plained reason, one or the other of the eyes broke. Ile said, 
“Weld the eye, and we will break it to-morrow.” They welded 
the eye, put it into the machine, expected to see it fail at this point 
a, but instead of that it began to reduce at). Now, you notice 
that this section was perceptibly reduced from what it was origin- 
ally, and very perceptibly smaller than at 4, and yet it did not 
break at a; it broke at 6; from which we inferred that the part at 
@ was made stronger, not by breaking, but by resting. It required 
twenty-five per cent. greater stress to break the piece at 4 than was 
pulling it apart at @ the day before. It was out of the machine 
several hours, and we can only conclude that the particles lad so 
arranged themselves that they could resist better at a@ than at db. I 
have used this illustration sometimes—that the particles at @ got 
their backs up and so resisted harder than before. 


Experiments were afterwards made in this lecture room to confirm 
that experiment, and the conclusion reached is this—that overstrain- 
ing iron once, if vou allow it to rest completely afterwards, does not 
injure its resistance; and experiments were carried further—that 
you might overstrain it two or three times and not only apparently 
make it stronger, but increase its elastic limit. There is an end to 
that just as there is to the increase of the strength of a person by 
overdoing and getting rested, and then doing it again. After a 
time he feels the effect, and ultimately, if it is carried too far, it 
will injure him, rnin him; and so it may ruin the piece. The lat- — 
ter part of that conclusion of Kennedy was not correct, that a bar 
cannot be overstrained once without destroying its usefulness. me 

Another point was on the twelfth page of the paper : 

“ A machine or a bridge can only be well proportioned by care- — 
fully considering the special conditions of the case, in the light of 
experimental data and past experience.” 

The idea that struck me was this—who of us. after reading the 
conclusions and the criticisms of experimentalists, would feel that 
we were warranted in proportioning a structure accurately, accord- | 
ing to the light of past experience? It resolves itself into this: 
at first we make a few experiments, and establish a law. We try 
that law awhile. Somebody experiments again, and finds that that 
law is not quite correct, and proposes a modification; and after 
going on in this way with experimental matters we virtually become 


‘ 
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empiricists. Wecannot make laws which will work nicely and accu- 

rately under all the circumstances. Formulated experience is exceed- 

ingly valuable. Without it, what could the man do who could not 

experiment ? With it, the experimentalist is not tied down and 

confined to a formula. I have sometimes illustrated this matter 

thus: aman experiments in hydraulics and lays down a law in re- 

gard to the flow of water. Another man experiments and says that 

is all wrong, for it does not agree with the facts which he has 

found. A third experiments, and says that is all-wrong, and he 

gives us his facts; and a fourth one experiments, and says they | 
are all wrong and here are the facts, and by and by we come to the 

conclusion that the conditions are-so varied that they may all be 

right for the conditions under which they established their rules, 
and none of them correct for the others. Now, the properties of 
materials, as manufactured, vary, and it is necessary to make ex-— 
periments in order to gain a knowledge of the modification of 
these properties. I have heard, sometimes feared, that the so-called 

coefticients or factors of safety would be worked too close, because — 
we may not take into account all the conditions. I think it was Hol- 
ley who said: “ Talk about coefficients of safety, or factors of safety, 

why, they are factors of ignorance!” LTadmit it. There isa certain: 
degree of ignorance bordering along the line of exactness which 
you cannot settle one side or the other, and in my instruction I 
always advise being on the safe side, in case of doubt. 

Mr. G. M. Bond.—In regard to the statement on the second — 
page, as to the girder section of side-rods on a locomotive being con- 
sidered the best, it would seem that some railroads in this country 
differ from that opinion. I noticed the other day one instance 
especially—the Old Colony Railroad Co. They consider that a 
side-rod is made too stiff laterally by making it web section, and_ 
they find in their experience that the ordinary flat parallel bar is: 
the best. Other roads, however, seem to consider the web section 
the best. 

Mr. Wm. Kent.—Mr. Baker’s paper is a valuable contribution to 
the growing literature of the subject upon which it treats, in giving 
new records of experiments which may, some day, be collated with 
other similar records, and lead to generalizations and deductions’ 
which can scarcely be made at present, on account cf the insuf- 
ficiency of reliable data. That the data now available are not suf- 
ficient to enable us to frame practical formule for the working 
stress of iron and steel, is shown by Mr. Baker’s refusal to accept 
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“the modern formule based chiefly on Wohler’s experiments,” 


and his disagreement with some of the conclusions drawn by Prof. 
Kennedy from other experiments. We have no higher authorities 
on the working stress of iron and steel than Wohler, Kennedy, and 


Baker, and if they differ among themselves in their generalizations, 
we must accept their opinions only tentatively, and wait for 


more extensive experiments before forming too positive conclu- 


sions. 

The deduction drawn by Mr. Baker from his Series No. 1 
appears to the writer insufficient and misleading. He states that 
axles “ made of the finest quality of high tension steel are not 
practically as strong as when made of soft steel,” and “ comparing 


experiments 8 and 14, under working stresses in each case equal to 
about 40 per cent. of the ultimate strength, the hard steel failed 
with only 32,445 revolutions, while the soft steel stood 14,876,432.” 
No other meaning can be drawn from this language than that soft 
steel is superior to hard steel under repeated stresses, and such 


meaning was, no doubt, intended, yet neither the statement in 


reference to the axles nor the figures of series No. 1, necessarily 
lead to such a conclusion. If it is true that axles of the “ finest 


quality of high tensien steel” are not practically as strong as those 


of soft steel, it by no means follows that there is not an inter- 


mediate grade of hard steel, say 40 to 60 carbon, which is not prac- 
tically stronger than either “the finest quality of high tension 
steel” or “soft steel.” So, also, while it may be true that when a 


piece of soft steel, and a piece of hard steel of the same size, both 
strained to 40 per cent. of their ultimate strength, are tested by 
repeated strains, the soft steel stands 14,000,000 revolutions, while 
the hard steel stands only 32,000, it by no means follows that 
the hard steel is not actually superior to the soft steel when both— 
are strained to the same amount. In fact, this is clearly shown by 
Mr. Baker’s table. Experiments No. 3, 4, 5, 6, and 7, all soft steel, 
all strained to 34,000 pounds per square inch, stood from 68,000 to 
155,000 revolutions, while No. 16, hard steel, also strained to 
34,000 pounds per square inch, stood 472,500 revolutions, or more 
than three times as many as the best of the soft steel specimens, 


and about seven times as many as the worst of them, while No. 15, 
strained to 40,500 pounds per square inch (or nearly 20 per cent. 
more than the 34,000 pounds), stood 157,800 revolutions, or more 
than the best of the soft steel specimens. Again, comparing No. 
15 with Nos. i and 2, the hard steel, strained to 40,500 Ibs. per 
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square inch, stood from 2} to 4 times as many revolutions as the 
soft steel strained to only 36,000 pounds per square inch. The 


deduction I would draw from Series No. 1 is, that the hard steel is 


superior to the soft steel. 

In practice such a question as this might arise: A certain tension 
member is to be dimensioned on the basis of 10,000 lbs. allowed 
static strain to the square inch. Shall soft steel, or a medium hard 
steel be used to give the greatest probable life under repeated 
strains? Here the dimension of the member is fixed ; it will weigh 
no more and cost no more if made of the hard stee) than of the > 


soft. I would say, use the steel which stood 472,000 revolutions | 


under a strain of 34,000 Ibs. to the square inch, rather than the — 
one which stood only 155,000 revolutions—in other words, use the 
hard steel rather than the soft. This is the deduction to be drawn 
from the experiments of Series No. 1, although there may be other 
reasons why a softer steel might be preferred, such as the greater 
liability of the hard steel to damage during the processes of manu- 
facture into its finished shape. 

Some nine years ago a number of experiments were published 
by Mr. William Metealf (Metallurgical Review, Vol. 1., p. 399), 
which tend to show that a medium hard steel resists repeated 
shocks better than soft steel. His paper is well worthy of study 
_ by those interested in the subject, but thé following may be quoted 
here: 

“The next case was that of steel for small pitmans, where the 
test required was that a machine should run 4} hours, at a rate 
of 1,200 revolutions per minute, unloaded before the pitman — 

“ The first trial was with .53 carbon steel, mean time of six trials, 
2 hours, 9{ minutes, Second trial, .65 carbon steel, mean time of 
six trials, 2 hours, 57$ minutes. Third trial, .85 carbon steel, mean 
time of three trials, 9 hours, 45 minutes. 


“ This led to a trial of a set of twelve pitmans of a finer quality — 
of steel than the above. 


The .30 carbon ran 1h. 21 m., heated and bent before breaking. 

4h. 57 m., broke without heating. 

“ 3h. 50 m., broke at weld, where imperfect. 
Sh. 40 m. 
broke in weld, near the end. 
ran 4h, 65 m., and the machine broke down.” 
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Another statement of Mr. Baker seems open to criticism: that 
“a structure or piece of mechanism may be subject to a repeated 
stress equal to 90 per cent. of that which would break it, and yet 
specimens cut from the metal may exhibit no signs whatever of 
deterioration.” It is not at all certain, as he says, that in a bar 
tested by transverse strain the stress at a “ point 90 per cent. of the 
half span from the bearings, the stress would be 90 per cent. of 
that which broke the bar.” In steel which bends greatly before — 
breaking, it is very far from true. Before making such a broad_ 
generalization from transverse tests, a crucial test should be made 
by direct tension, and I venture to say such a test would utterly | 
destroy the generalization. Take a bar of any soft or medium 
steel, cut it in half, and break one-half by tensile strain. Then 
test the other half to 90 per cent. of this strain, not repeatedly, but — 
only once, take it out of the testing machine, and lay it aside for a_ 


limit, second, greatly decreased ductility (measuring the elonga- 


third change, a considerable increase of tensile strength. This_ 
class of phenomena ought now to be well known to engineers. | 
They were published abdut ten years ago by Prof. Thurston, in_ 
the Transactions of the American Society of Civil Engineers, and 
were discussed at considerable length by Commander Beardslee in- 
the reports of the U.S. Iron and Steel Testing Board, besides 
having found their way into some American text-books. They are 
entirely inconsistent with the conclusion that a structure “ may 
be subject to repeated stress equal to 90 per cent. of that which — 
would break it, and yet specimens cut from the metal may axhibit 
no signs whatsoever of deterioration,” if such structure is made of 
the qualities of iron and steel generally used in construction. 

Mr. G. C. Henning.—I would like to say a few words in regard 
to Professor Wood’s remarks on Professor Kennedy's assertion 
that a rod becomes useless when it is once strained beyond the 
elastic limit. From tests we have found out that material becomes 
stronger after being once strained beyond the elastic limit, but we 
have also found out that it invariably decreases in ductility. Ma- 
terials are similarly affected when strained below elastic limit, but 
to a much less degree. If we take two bars, one of which has 
been stretched beyond the elastic limit, that bar will not stretch as 
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much for any given load put upon it as the other bar which has 
not been strained. The result will be this: if we have two mem- 
bers side by side or close together, one of which has been strained 
beyond the elastic limit, and which are loaded equally per square 
inch of section, these two members will not work in harmony. 
The direct result will be that the member which has not been 
strained beyond the elastic limit will receive and carry less of the 
load than the other member. This will throw unequal strains into 
the structure, and the result will be that the structure itself will 
not act uniformly throughout. Whenever a load is put on a struct- 


ure some members will take more stress than others, and our prin- 
cipal object in making substantial structures and distributing the 
stress in proportion to the section of the material will be destroyed. 
The result is that we can no longer have much confidence in such a 
structure, and especially if a long one where there are many parts 
duplicated, if the members are so irregular in character in regard 
to strain, which affects the shape and consequently the distribution 
of stress, which is of vital importance to the life of the structure. 
For that reason I think Professor Kennedy is correct, that such a 
bar must not be used in a structure in connection with other bars 
which have not been so treated. To strain only one member is 
all wrong. Let me take the case of a bridge. If we shonld stretch 
the members in only one panel that panel will be stiffer than the 
rest. The result is that when a train comes on the bridge the part — 
which is deflected must regularly receive an extra impulse from the 
load, and that side which has not been stretched in that way will 
always get a greater load and the bridge will never act properly 
under it, and it is then only a question of quantity of stress which 
may produce serious consequences. Our object in fabricating 


structures is to get all the parts as nearly uniform as possible, and 
therefore we must select such members as have been treated in a 
way that is likely to affect, not their ultimate strength—we do not — 
care much about that—but their elasticity, that is, their relative ex- 
pansion under given loads, and pair them off or reject them. All — 

our structures are machines, whether we can see the motion or it 
be so slight that it can only be observed by careful measurement. 
If you have, of course, only a single member, like the connecting | 
rod of an engine, that may be stretched beyond the elastic limit 
and not affect anything else, but generally we have many members 

to make up one structure. 

In regard to Professor Baker’s paper directly, I think it is one — 
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of the notable papers of treatment of material as used by the engi- 
neer. We have done too little of this work. We have contined 
ourselves to the work of simply finding out what material will 
stand ultimately in one test. Materials are not used that way at 
all. Materials are used time and time again, and thousands and 
millions of times, and we must not build for present use but for 
future use, because to have any confidence in the life of a structure 
we must know that after long years of use the structure will be as 
good as when originally constructed. Professor Lanza made ex- 
periments on the bending of shafts, and he found similar results. 
He had not strained the shaft beyond the elastic limit, but the shaft 
broke. We know too little about the exact experiments that Mr. 
Baker made to allow us to criticise the results closely. He tells us 
that these results are simply a few—he gives simply a generaliza- 
tion of the experiments he has made, which were quite numerous, 
and oft repeated. Many accidents happen in every-day life, 
especially to machinery which is subject to largely varying strains, 
which show us that our usual custom of proportioning parts 
according to the actual tensile or compressive strength of material 
is not correct, and that has been one of the reasons whiy the scien- 
tific engineer's deductions have been looked down upon by the 
practical man, who says if you proportion this according to the 
strength of that little piece, you are all wrong, because it will break 
in a little while. That is what we found out in the connecting rod 
of the engine ; that we were not proportioning it according to what 
the rod was doing; we were proportioning it by testing it in a way 
in which it was not at all used in the structure; and I believe that 
such results as were given by Mr. Kent, quoting Mr. Metcalf, were 
deduced from a very small number of tests, and they should not 
have that weight which these results given in the paper carry with 
them, made by an engineer who has made this a specialty, par- 
ticularly with the object in view of determining the life of ma- 
terial, rather than by one who has made only a few to determine a 
particular case. I think, as a general thing, the results of this 
paper are far ahead of our present practice in engineering, espe- 
cially in large structures, and we cannot do enough to find out 
more in that saine direction, and I only hope that we will get more 
of this information from Mr. Baker. (Applause.) 

I would like to add something that I had forgotten, if no one 
else wishes to speak. 

Mr. Baker has made a little remark here at the end of the paper, 


a 
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which I think is too important to be overlooked, and [ am sorry _ 
that no one of the members here has called attention to it; it is- 
where he says that: “ In my experience of using 24,000 tons of steel _ 
I have not had as many failures as in using a similar quantity of — 
pounds of wrought iron.” I think Mr. Baker is an engineer who 
takes an advanced standing in the use of steel, and all our old fogy 
engineers who stick to wrought iron will be surprised at that 
remark, They forget that this steel which Mr. Baker speaks of is a 
material more like wrought iron than anything else we have, only 
much superior to it. It has no fiberand no slag between the fibers. 
I think all of our best experience leads us to believe more strongly — 
that steel of that character, when made uniformly, is an article so_ 
far superior to wrought iron that it is only a question of time when 
the latter will be replaced by the former. 

Mr. Kent.—I wish to make a remark on the subject of which 
Prof. Wood and Mr. Henning both spoke, in regard to Prof. 


Kennedy’s observation as to making useless a bar once strained — 
beyond the elastic limit. Mr, Baker differs from Prof. Kennedy, 


Mr. Baker. Mr. Henning disagrees with Mr. Baker and Prof. 
Wood, and agrees with Mr. Kennedy, as I understood it. My 
preference is to side with Mr. Baker and Prof. Wood in this case. | 
Suppose we have four tension members in a very long bridge panel, 
each of which would break with say fifteen or twenty per cent. ex- 
tension. What would happen if we should take one of these mem-— ; 
bers which happened to be a trifle short and stretch it one per cent. 

or two per cent. in order to lengthen it to fit the connecting pin? 

The result would be, as far as we know from the experience on > 

record, that if we stretch that bar one per cent. or two per cent. we — 

would increase its initial elastic limit a little; we would increase _ 
its tensile strength somewhat; we would change its condition with > 
reference to the other parts; and, therefore, according to Mr. 
Henning’s statement, we would make that structure not to act in’ 
harmony. But I think we would not change, as far as I know, the _ 


modulus of elasticity ; that is, I think, a thing that can scarcely be — 


definitely asserted yet, but it requites experiment. ; 
Mr. Henning.—1 would like to correct Mr. Kent. I am fully in — 
harmony with Prof. Wood and Mr. Baker. I was speaking with re-. 
spect to the modulus of elasticity. I said the relative strain due to” 
given loads ; that has been deduced from hundreds of experiments 
I have made on full-sized bridge bars. The results of these experi- 
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~ ments have shown me that the relative strain of bars decreascs 
you increase the stress on the bars beyond the elastic limit, upon 


structure. Then that bar will stand more strain than the other 
bars until those pins begin to stand parallel again, and that bar 


this bar is to some extent out of harmony with the others, and it 


deflection of the bridge. 


time it was found that they 


the two cases 


= 


as 


Finally, the bar will break without any strain 


repetition of stress. 
The result in 


and at a higher load than the bar originally stood. 
those four bars instanced by Mr. Kent I will explain in this way. 
not stretch as much as the 
The pins will stand 
to twist the 


The one which has been strained will 
others, but will pull unequally on the pins. 
They will 


another. begin 


at an angle with one 


will continue to be stretched, and it will again be strained beyond 
the elastic limit before it will be as long as the other bars. Now, 


does not come into play. The result is that the other bars are 
carrying more load than they are intended for, and the total stretch 


of the bar will not be the same, and it will cause unsymmetrical 


he asserted ; only I 


I am in harmony with Mr. Baker in what 


want to ice out that Prof. Kennedy and Mr. Baker were speak- 


z hey were not looking at the same problem 


ing in a different way. 


from the same point of view. Each was right in his way. 

Mr. J. T. Hawkins.—Referring to the experiments of Prof. 
Thurston with his torsion machine, and others alluded: to by Prof. 
Wood, my recollection of the former is, that specimens having been 
strained to the yielding point or slightly beyond the limit of elas- 
ticity, they were allowed to rest for a certain time under the stress — 
which caused them to yield, or nearly that, and that after a given 
had so far recuperated, under these 


conditions, that the elastic limit became higher than before. 

I would like toask Prof. Wood if, in connection with these tests, 
any experiments were made in which, after reaching or slightly ex- 
ceeding, the elastic limit, the specimens were allowed to recuperate 
not under stress—that is, immediately upon the commencement of 
yielding—removing all stress and allowing them to remain in that 
condition for an equal time with those specimens which recuperated 


under stress / 

If such tests were had, I would also ask him if any tabulated or 
plotted results have been made, so that they might be compared in 
I can see that such data as might be gotten at in 
for instance, it would be exceed- 


this way would be very valuable : 
ingly well to know the results of such experiments as applied to the 
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vase given by Mr. Kent. Perhaps, however, this has been thor- 
oughly gone through with, but I do not remember seeing anything 
of the kind. 

Professor Wood.—Experiments were wade in the Institute under 
the direction of Professor Thurston, with his automatic torsion 
machine, in which pieces, after being twisted considerably beyond 
their elastic limit, were entirely relieved of stress, and after resting 
for a shorter or longer time, were again twisted. It was found 
that good fibrous iron thus treated exhibited increased elasticity 
when again twisted. These facts are shown in the large cut in 
Part Il. of Zhurston’s Materials of Engineering; or, in my 
Treatise on the Resistance of Materials. Possibly Mr. Hawkins’ 
question will be more specifically answered by the table on page 
602 of Thurston’s work just referred to. 

Mr. H. R. Towne.—Mr. Henning has called attention to the 
fact that the experiments mentioned in the paper are quite few in 
number, and the inference is given that they are examples of a 
very large number That may be so, and if it is so it will quality 

But there is one indication which they give 
which makes it regrettable that the experiments were not carried 
farther ; for the reason that it appears that they go up to the point 
of indicating the best results—or near to it—and stop short. Take 
for instance Series No. 1, on page 4. If we were to plot the results 
there, showing in the first place the number of revolutions causing 
rupture, as indicated in the first column (by the way, unless the 
paper is read quite carefully, I think it will not be clear at first 
that the figures indicating the number of revolutions are those giv- 
ing the number of revolutions which the shaft or piece stood 
before breaking; this is apparent on careful reading, but it is not 


what 1 have to say. 


stated directly)—if we take these as representing the ordinates and 
the stress per square inch the abscissee, we may trace the curve so 
produced. We start with only 40,000 revolutions, with a stress 
per square inch of 36,000 pounds, and continue until with only 
26,000 pounds stress per square inch we get 14,000,000 revolu- 
tions. So again, with hard steel, starting with less than 6,000 
revolutions and 67,000 pounds of stress per square inch, increasing 
the number of revolutions to 472,000, the stress is reduced to 
34,000, giving us another diagram. In bar iron, the third set of 
figures, the diagram would be somewhat different again, and so on 
all through. Taking the Series No, 2. on the fifth page, where the 
number of bends at a stress of 44,000 pounds is only 12,000; if 
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the stress is reduced to 34,000 pounds, the number of revolutions 
rises to over three millions. 

Now it appears from this that after reducing the stress to a 
certain point the increase in the endurance of the specimen be- 
comes very rapid, and that the series was not carried to the point 
where that rapidity of gain ceases; whereas it would be much 
more interesting and probably more valuable to us if the series 
was continued still further to show the ultimate development of 
the cause, for the reason that the stresses at which the test series 
terminate—34,000 pounds in the one case and 26,000 pounds in 
the other—are still above the working limits of practice. 

The figures cited from the London and Northwestern Bridge, 
the Conway Bridge—are particularly interesting—as showing that 


here is a structure which has endured for thirty-six years, appar- 


ently with a factor of only two and a half or two ; but as offsetting 
that it should be remembered that that bridge was built under the 
most skillful engineering supervision, with extreme care in the 
proportioning of parts, in the testing of material and in the inspec- 
tion of the work as done, and that the ratio of the static load to 
the live load is unusually Jarge by reason of the nature of the struc- 
ture. This latter fact is one, I think, which comes into most 
bridge-work, and does not apply to machine designs; namely, that 
where the static load is very large in proportion to the live load a 
much smailer factor or margin can be adopted than in structures 
where the entire stress, or nearly the entire stress, is due to the 
live load. 

Several of the speakers this morning have alluded to the effect 
of the straining of material beyond its elastic limit, and I may 
emphasize what I have previously said as to the fact of this being 
beneficial by citing the case of chains, in which for a long time it 
has been the practice in the concern with which I am connected to 
stretch the material purposely beyond its elastic limit, both to 
increase its strength, and also to decrease and define its stretching 
point. Chain made of soft iron of considerable ductility stretches 
inevitably as soon as it is loaded even to less than its intended 
limit, and that stretching tends to alter the pitch of the chain, 
Where it is important that the pitch shall be constant, in order to 
overcome that tendency the chain is stretched initially, when first 
made, to a point beyond the intended load that it is to work under. 
and a permanent set thereby given it which brings it to its final 
and intended pitch. After that, so long as the loads are kept 
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within the intended limit, which is considerably below the stretch- 
ing load put upon it for this purpose, no further change will take 
place. The elastic strength of the iron has undoubtedly been 
increased by giving it this initial set. The same beneficial result 
can be obtained in any material by treating it in like manner. It 
is important to know the exact amount of load which is put on in 


this way; otherwise the material may be injured by unduly stretch- 
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FIRE BOATS. 

BY WILLIAM COWLES, NEW YORK CITY. > 


(Member of the Society.) 7 


Tue United States Government regulations concerning the mat- 
ter provide that all steamers shall be equipped with a steam pump 
yr pumps so connected as to be used in case of fire, together with 
a small supply of 24-inch hose, pipes, axes, ete.; but this has refer- 
ence only to self-protection. Heretofore it has been a common cus- 
tom among corporations having much property on water fronts or 
afloat to equip their tugs with a steam pump larger than required 
by law, and with a little extra hose to be used for the fire protec- 
tion of their property on shore or on other vessels. Several years 
ago, a number of city governments began to take up and enlarge on 
this idea, and in 1884 there were a number of fire tugs, regularly 
owned or chartered as such, being used and managed in connection 
with city fire departments. But these boats are essentially tugs 
equipped with comparatively small fire pumps, and, with the ex- 
ception of the Zophar Mil/s of New York City, have very little 
pumping capacity. 

As far as known to the writer, it was in the year 1885 that the 
Jirst floating fire engine, self-propelling and of high power, was 
designed and built; this was the Seth Low of the Brooklyn Fire 
Department. (See Figs. 53 and 55.) Since the Seth Low, two others 
somewhat similar, but with improvements, have been designed and 
are now built and in service, one in Cleveland (see Figs. 55 to 59), 
the other, the Geyser, in Chicago (see Figs. 60 and 61). Two de- 
signs, one wood the other iron, were made for the Cleveland boat, 
and after receiving bids on both, the wooden boat was decided 
upon and built. 

A Comparative Table has been prepared showing these three boats 
in contrast with the Zophar Mills, the largest and best of their Ameri- 
can predecessors, and the Merryweather, an English contemporary 
huilt in 1886, which seems to have been the first of its kind across the 
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water, and of which the chairman of the London Fire Brigade Com- 
mittee is reported to have said, * It is unquestionably what the com- 
mittee requires on the Thames.” * The Merryweather was built by 
Messrs. Merry weather & Sons, Engineers, London, to the order of the 
Egyptian Government, for use at Alexandria, and is undoubtedly 
an excellent fire engine of great capacity, considering her size, and 
may be assumed to be very well suited to a port like Alexandria, 
but her suitability is not so obvious for use on the water fronts of 
London or any other very large port. Iler reported maximum fire 
capacity is a single 14-inch to 2-inch stream thrown 200 feet ; about 
equal to one first-class shore fire engine of the largest size used in 
American cities. That is, it would take from eight to ten Merry- 
weathers to equal one such boat as Chicago has in the Geyser, and 
the latter is none too large for efficient use in a large city. The 
table indicates also a marked difference between the modern boats 
and the Zophar Mills in dimensions, cost and capacity. The latter 
boat is simply an enlargement of the tug idea, an enlargement 
which makes her very cumbersome and expensive. One of the 
unparalleled advantages in having fire boats is the capacity thus 
obtainable for throwing large streams at a large fire. Little streams 
from j-inch to 1}-inch, such as the ordinary single shore engine can 
throw, are almost useless at a large fire except to keep it from 
spreading; they are vaporized before they can penetrate, thus even 
adding to the fire, whereas a strong 2}-inch to 34-inch stream will 
tear its way through walls, partitions, goods, etc., into the heart of 
a big fire and break it up se that the small streams cau operate on it 
effectively. There are very few, if any, firemen, even in large 
cities, who know much about streams above two inches in diameter; 
we must go to these modern, high-power fire boats to find out the 
power required and the effect with larger streams. So far as known, 
there are almost no data published in regard to the velocity, nozzle- 
pressure, volume of water and power required in fire streams above 
1} inches diameter. When these tire boats have been thoroughly 
experimented with, this knowledge can be obtained for streams up 
to 4 inches diameter. It is to be regretted that this has not yet 
veen done, The certain increase in the efficiency of larger fire 
pumps, with their larger areas and passages, over that obtained in 


the smaller pumps of shore fire engines is an important item. 


The main features in the design of a high-power fire beat are 
the boiler and pumps, of course. The boiler must have ail the 


*See Enginecring, June 18th, 1886. 
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capacity which can be got on a certain prescribed displacement, 
which means two, three and even four times the capacity of that 
in an ordinary tug of similar dimensions. The hull and motive 
machinery must be secondary matters, as in a dredge or floating ele- 
vator. But maneuvering power and speed, in the order mentioned, 
are also very important items. Then, too, the boats for each port 
or locality must have an individuality of their own. A boat de- 
signed to suit the conditions and hydrographic features of one port 
might be entirely unsuitable in another, It would make far too 
long a paper to go into details in these matters. The plans and 
table will give much information as to detail to those who feel in- 
terested enough to go into the matter. Your attention will be 
called, however, to a few points. 

The ordinary “ Scotch” boiler is much lighter per square foot of 
heating surface than the “water leg” boilers, and for that and sev 
eral other important reasons it was adopted by the writer as the 
best type which could be used under the circumstances. By careful 
designing, and by specifying the best material obtainable in the 
market and the best methods of workmanship, it was proved that 
the weight of this type of boiler, per square foot of heating surtace, 
could be reduced from 50 lbs. and over, as in transatlantic steam- 


ships and United States naval vessels, to 35.26 Ibs. in the Seth — 
Low, 35. \bs. in the Cleveland fire boat and 31.9 |bs. in the boiler — 
of Chicago’s Geyser. This calculated weight includes water to 4+ tL 


inches above highest heating surface, felting and asbestos, breech-— 
ing, grates, saddles, stack and attached valves. 

These boats are not intended for sea-service, and therefore it was — 
permissible to carry the water line higher and use a dry pipe. A | 
ratio of 38 to 1 was also used between tie heating and grate sur- _ 
face on account of having a forced draught. These two features ex- 
plain part of the reduction in weight; the rest of it comes by using 
the highest grade of material and workmanship, and in cutting out 
the useless and “ dead ” water spaces below the furnaces by putting _ 
in extra fire tubes and a “ regenerating ” flue for admitting heated 
air into the back connection. 

Besides the great advantage of throwing large streamsand having 
special and rapid accessibility to all water-front or harbor fires, a 
properly designed fire boat need not have her field of operations 
confined to the water front. She may be given such a capacity as 
to make her a large movable pumping station capable of carrying 
her equipment, crew, coal, ete., to the nearest practicable point, and 
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operating from that point with unlimited water supply upon a fire 
1,200 to 1,500 feet distant, through several lines of hose of large size. 
And even beyond this 1,500-foot belt, fire boats can be used to re- 
inforce shore engines, the latter either connecting their suctions 
direct to the delivery from the tire boat, or the boat can deliver 
into tanks from which the engines can draw. Scarcity of water for 


large fires is a thing of which many large cities have to complain. 


Again, special pipes or mains can be laid connecting the nearest 
convenient point on the water front with any desired building or 
district in a city, the fire boat connecting with the main and oper- 
ating somewhat on the Holly system. 

These fire boats are designed to keep up steam constantly. A 
banked fire in one of the furnaces, with the others primed ready to 
start, is found to work well. The boats are put on the regular fire 
alarm and telephone circuits by special slip cable connecting with 
the instruments permanently located in the pilot-house, and the 
boats can make much better time in going to a fire than the shore 
engines can, because they are able to start as quickly, have gener- 
ally less obstruction,and always very much more speed. When we 
consider the cost of real estate and building in a city of the first or 
second class, it is plain that a first-class fire boat, fully equipped and 
with a capacity for throwing six to eight strong two-inch streams, 
can be had at about the same cost as a shore engine throwing one 
two-inch stream, when to the cost of the latter is added the out- 
lay for hose and carriage, equipment, house and lot, horses and 
other matters necessary to maintain the engine and crew. It is 
safe to say that an improved form of floating fire engine is the 
cheapest and by far the most efficient method for the fire protec- 
tion of shipping and water-front districts in large or smal] ports, and 
that such machines are destined to come into more general favor. 
From the studies and experience of the writer in the matter he has 
concluded that it is quite possible to build and equip complete 
ready for service a small floating fire engine with a capacity of two 
to three first-class shore engines (two to three 2-inch streams), suit- 
able for a small port, for $20,000, and one of half this capacity for 
$14,000. This includes the cost of hose, pipes, nozzles, ete., which 
is always quite a large item. 


89) F 000'02 01 
jects 


“yy bs cle | “yy ‘bs OFO'R 


ATS 


09 


wip ‘sul g 


g 


-xopy Jo man jo Jo NOT | __ 


‘SLVOd AO AALLVUVdNOO 


| 
S 
a 


08 JO YASUI JOAO Uv OF JoUS sop oN, 


‘SUL 


6 | ‘surg ‘yy 


UT 4 


UT 


Wl 


IR 


‘SUL O AL Inoqy ‘su 9°15. 8 


‘RULE 


9 OF 


or | “SUL OU OL 


| 


8° 


“sury 


“SUL OI) | 


‘sur 


“SUI 


“suy 


“SULO 06 


‘ORG NOGY 


“OG 


If 


“poo 


“sul 


sur 


GL 


“say OL 8 
‘Suro 
‘SUL 18 
“BUT 0 


‘sur ig te 


peprnow 


Sayed 
40 Weg 


“suy ¢ 66 


‘sur 0 SOL 


* suo} Col OFT 


“ays 


“sul 
“sul 


fe Aq 6 


“sul 


“sul 


4q ‘p 


"SUOS Y 
arqnop,, 


,, 


6 


“sur 


ONL 6 OL Aq “p ‘sur gt—anog 


‘sul 


“08 “SUI 


Aq ‘p ‘sur or 


“sul 


LOG 


_‘09" I 


“pe 0 MN 


“178 “sul 


Sq ‘sur gi—anog o1 4q ‘sur 


‘p "sul g—anog 


fsep ads) 


“AON ‘uospny 


Supuunyy 
Juoeseyip 
UL se aday ourng 


POOM IOJ 


“SUL OT Aq 


“ap 
pur 
Wale 
‘uno 
[Vioeds 
‘apis BA 
[Ronse 


"TMT 


“suors 
PUB 
4 


; 
suols 


» 


“sduind jo szaquian 


| 

| | 
ny | 
| 
E 
Gi | 


= 


*RUOg F doy 


O} JsNBYyxe 
atqnop 


“SUL OL 
“SUL 6 


UO OMT 


“May L194 


“4d 
jo 


Savay 


“SULMOF 


AA 
souor Aasnd 
Ul js Ou 
syed 
Xo 


“SUL OF 


“SUL Og 
UOIL-JSRO 
uo 
‘ardurig 


Aasnd 


-Sugq ‘seuoe » 


0% 07 OT 


0% 


MON JO 


-paeds pus 
ABM 


“AND 


or 


10 dose puoo 
‘aus. dunssead 
OY 


“SUL 


“SUL OT 

UOIT 
owe [£9 aug 
“yaa ‘ord 
soulsua ayeaudes 


“uf; 
‘Aydanyy Apunsy 


“Yu! Jo 191099 18 ‘sul 2% 


puvy- se 


“SUL OG 


sv 


uo aug 
‘eldung 


POOM 


‘yooy Aydin, 


puy 
ATM 
Jo 


pus 


‘our 


pur 40 
Wels 
“SAA[BA Ou I 


“SUT suojsid Jo ayous 


JO 


"SUT SI 


[09 
uo OM 


Jo 
‘ou pus jo 


SI 


Jo MoT 


uo pasaqaunb aq 


UBS UO Jo aquUINN 


CL 


JON 


*(poom) 
“Wing 


“LVOG 


sieyung ut 4, [Bop 


a inl 


> 
| | : 
g | 
| 
| 
| 
| 
| 
e 
4q 


“4 


FIRE 


78 


[ 


“SUL 


6 


‘poods 

§ ‘poods pur Aq ‘anoy aue 
‘aoue ye sdund yiog 4 popujout Ou Jo pus PALUSBOUE [LV 


PUR 


ut 


‘ABT pur ws 


PUB 


| 
Ayrordeg 


‘duind 


‘dud auo 


pun sduing Jo 


“HET B OU 


ywoq jo 


|1809 


“SULO FAR M JO YONG 


wy 


tt of | | 
| 
| | | 
| 
| 
| 
ttf 
| 
| 
: 
| 


FIRE BOATS. 


DISCUSSION, 


Mr. W. B. Le Van.—1 would only state that the value of fire 
boats is so important a matter that all the police boats of the city 


of Philadelphia are now made fire boats. 

Mr. J.W. Cole.-—1 would suggest, in speaking of these tugs, that 
in the year 1868 the tug John Fuller threw, I think, 8 two-inch 
streams, and was chartered as a fire boat by the city of New York, 
and by Philadelphia, I think, in 1869, to assist them, when they 
had low water in the Schuylkill, in pumping into Fairmount Reser- 
voir. As a wrecking tug, she would throw a solid twenty-inch 
stream over her side. She had a Niagara pump built in Brooklyn, 


wey 
| 
| 
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- 
FORMULAE AND TABLES FOR CALCULATING THE 
EFFECT OF THE RECIPROCATING PARTS OF 
HIGH SPEED ENGINES. 


BY GEO. 1. ALDEN, WORCESTER, MASS. 


- (Member of the Society. 
{ Tur effect of the reciprocating parts of an engine upon the press- 
ures transmitted to the crank pin at different points of its path 
has been fully treated by Mr. Chas. T. Porter, and subsequently 
much has been written upon the same subject by other authors. 
Some recent articles upon High Speed Engines have attracted the 
attention of the writer, and led him to review and to put into con- 
densed form his own researches upon the subject, and to compute 
tables by means of which the results of analytical research may be 
made more easily available for practical use. 

To permit verification of the formule and methods employed, 
the complete analysis is briefly given, followed by the tables, with 
an explanation of the manner in which they may be used. There 
is also given a graphical method of determining the amount of 
cushioning or lead required to absorb the surplus energy of the 
reciprocating parts as they are brought to rest at the end of the 
stroke. 


ANALYSIS. 


Notation.. ape 4 


. . . 
piston area in inches, 


effective pressure per square inch. 
= stroke (r= crank). 
length of connecting rod, 
= crank angle. 
angle of connecting rod with line of centers, 
ratio of crank to connecting rod. 


Let A = 
‘ tein 
a 


= mass of reciprocating parts. | 
weight of reciprocating parts. 
velocity of reciprocating parts. 
acceleration of reciprocating parts. 
= velocity of crank pin, considered uniform, 
number of revolutions per second, 
horizontal pressure transmitted to connecting rod. 
thrust (or pull) on connecting rod. 
= component of /? at right angles to crank on forward 
stroke. 
same component on return stroke. 
= resistance of load at crank pin. 
= an infinitesimal increment of time. 


The total effective pressure upon the piston being at any instant 
PA, the amount of this force transmitted horizontally to the con- 
necting rod is 7H = PA — Mop.* 


But = 6 = (PA — Mp) sec 4. 


T 


sin a@, 
V1 — sin? 


The formula for the velocity of the piston is: 4 , 


T = (PA — Mg) ¢ | 


n COS a 
sin 


dv 
P= 73 and since rda = v'dt we have: 


*It is assumed that the velocity of rotation is uniform ; and also that the ac- 
celeration of all the reciprocating parts is the same as that of the piston. 
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‘ 
Let 
ee 
“ 
} 
ee 
Rsin(a + = (PA — sec 4 sin (@ + 4) 
Eliminating by the relation 7 sin a = / sin we have 
= | 
| 
i 
S 
| 
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- dv 


Performing the differentiation, substituting the 
r+ da 


resulting value of in (1), and putting M = — and = 27rN, we 


have: 


w nm cos (2a) 
T= | PA - — + NV? 
sin® (Qa) COS @ \ . 
+ cosa —=)} sin a, 
(1 — sin a)? V1 — n* sin*® 
This may be written as follows: 


Denote the value of 7’ for the return stroke by 7", and substitute 


(180° + a’) for a iu formula (8), remembering that /?A becomes 
negative when it changes direction, and we have 


— 


sin? 
\ 


— n? sin? sin? « 


Or in abbreviated form, 
T'= 


PAD + 1.226wrN°C'D. 


The tables which follow give values of C, ), C’, and D’, for 
every ten degrees of the crank circle in both forward and return — 
stroke. 


General Remarks. 

Each table a column giving the piston position in fractions 
of the stroke, corresponding to the crank angles in the left hand 
column. The tables give the common logarithms of C and J, 
with ten (10) udded to the characteristic whenever it is negative. 
Angles and distances in the forward stroke are reckoned from the 
initial position of crank and piston respectively. For the return 
stroke, angles and distances are reckoned from the 180° position of © 


| 


Ae 
(3.) 
q 
| 
— 
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the crank and the corresponding piston position. The indicator 
cards in Figs, 62 and 63 are taken from an illustrated catalogue of 


= <= 


32 Pounds to the Inch. - “4 
the Porter-Allen steam envine, and are there given as cards 


actually taken from one of their 16’ x 30’ engines. In all the 
calculations, energy is reckoned in foot-pounds. 


a 
Res 
> 
' 
Fig.€2 
4 
3 
| = | 
« 
< 
ip 
| 
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Fig. 65 is merely a sketch for illustration of the graphical 
method explained in the text referring to it. 


TABLE I, 


RATIO OF CRANK TO CONNECTING ROD, he 


Forward Stroke. 


CRANK ANGLES OR 


PISTON POSTTIONS, LOG D. 
VALUES OF a, 


095910 

086993 235355 
.056303 626000 
.0826 001612 784518 
1429 916864 885082 
. 2156 .950106 
2974 584952 . 989855 
8849 . 189855 013676 
ve vi 824386 .012380 
.56385 897940 000000 
. 6484 617042 973450 
.7270 9. 723628 933647 
1974 . 789193 S78028 
8584 826717 806600 
.9090 848989 9.714885 
. 9487 86293) . 192333 
.9772 9 869795 117259 
. 9948 . 873808 | 116782 
.0000 .875061 


Negative terms. 


| 
e- b 
3 
* g 
-, 
SS 
6 
4 
- 
0 
10 | 
> 
30 
40 
50 
60°. 
70 
80 
90 
100 
110° 
| 120 
150 
140 
150° 
160 
170 F 
4 180 
——- 


CRANK ANGLES OR 


VALUES OF a’. 


TABLE IL. 


Return Stroke. 


KATIO OF CRANK TO CONNECTING ROD, >. 
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0000 
0057 
.0228 
.O919 
1415 
2025 
2730 
.5252 
6150 
7025 
. 7844 
173 
9625 
9905 


1.0000 


PISTON POSITIONS. 


Negative terms. 


TABLE III. 


873808 


869795 
861270 


9 848089 
826717 
.TS9192 
722628 


617042 


824386 
189855 
984952 


916-64 


001612 
056303 
086993 
096910 


| 


116782 
417259 
.592333 


0.714885 


806600 
878028 
938647 
973450 
000000 
012380 
013676 
950106 
TR4518 


9.626000 


335355 


RATIO OF CRANK TO CONNECTING ROD, }. 


VALUES OF a. 


CRANK ANGLES OR | 
PISTON POSITIONS. 


Forward Stroke. 


. 0000 
. 0860 
.1377 
. 2877 
.37385 
.4621 
. 5506 
. 6858 
. 7156 
. 8509 
. 9037 
.9455 
.9939 
1.0000 


| 


O79181 


069594 
040045 


987943 


907960 
7893863 
9.607187 
9.277678 


231979 


561530 
694175 


9.774700 
9 8260038 
.859174 
880494 
.893645 
900815 
. 903090 


= 


817793 
609014 
T68675 
870461 
937370 
979526 
.062225 
008491 
000006 
77689 
941637 
891035 
823723 
785181 
615897 
448394 
144342 


INES. 
> 
LOG Cc’. LOG D’. 
20 
50 
7 60 9 
70 
0 
110 
130 
150 ( 9 
( 
( 
be @ 
0° 
40° 
| 
70° ( 
80° ( 
«90 ( 
110° 
“Tyg 130" 
3 
160 
170 
L180 | | 
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TABLE IV. 


RATIO OF CRANK TO CONNECTING ROD, b. 


Return Stroke. 


CRANK ANGLES OR 
PISTON POSITIONS, 


VALUES OF a’. 


.0243 
0544 
0962 
.1491 
2122 
. 2844 
. 3642 
.03873 
. 6264 
7122 
7918 
.8623 
9205 
9640 
1.0000 


Negative terms. 


9.903090 
9.900815 
9.893645 
9.880493 
9.85174 
9.826004 
T74700 
694175 
561530 
8.231979 
277678 
607187 
. 789363 
. 907960 
. 987943 
088973 
069594 
O79181 


9.144342 
9.443394 
9.615897 
9.735181 
9 . 823723 
891085 
941637 
977689 
008491 
002225 
979526 
Y37370 
870461 
9 768675 
9.609014 
9.317793 


TABLE V. 
OF CRANK TO CONNECTING ROD, 


Forward Stroke. 


CRANK ANGLES OR | 
PISTON POSITIONS. | 


VALUES OF a, 


. 0000 
.03850 
. 1342 
.2081 
.2814 
.8610 
. 5580 
. 7814 
90038 
9747 
. 9936 
1.0000 


066923 
057646 
.OR9TR4 
979156 
9.902927 
T9116 
. 622587 
.8381913 
. 188647 
9.227964 
.§20955 
671451 
763907 
808069 
9 .S64736 
9.891493 
9.908416 
9.917856 
. 920822 


305698 
. 597337 
. 57710 
9. 860538 
. 972640 
9973416 
0.005908 
0.000000 
9.980418 
9.947166 
9 899326 
9.884590 
9. 748374 
9.671023 
9.459946 
9.164772 


_ 
10 
20 
30 
40 
50 
60 
70 
90 
100 
110 
120 
130 
140 
150 
160 d 
170 
4 180 
j 
0° 
10 
20 
30 
49 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180° 
= 
a 
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TABLE 


RATIO OF CRANK TO CONNECTING ROD, 1 


Return Stroke. 


CRANK ANGLES OR 
PISTON POSITIONS. LOG Cc’. D’. 
VALUES OF a’, 

0 9.920822 
J 10 9 164772 
02538 = | 9.908416 9.459946 
30 0565 = | 9.891493 9.671623 
40 .0997 | 9.864736 9.748374 
50 > 9.808069 9 834590 
«60 | 9.763907 9.899326 
~ .2919 9 671451 9.917166 
80 3725 7. 9.520955 980418 
90 .4419 | 9.227964 0.000000 
100 5461 9.188647 0.005908 
6889 9.331913 9.997346 
120 .7185 9 622587 9.972640 
7968 9.791136 9.928818 
140 VO2927 9 860538 
450 9225 9.979156 9 T7710 
“9649 0.029184 9 597337 
170 9911 0.057646 9.305698 

180 1.0000 0.066923 


To illustrate the manner of using the tables, let us solve the 


following problem ~ i 


16” - 


Given—Diameter of eylinder..... 
No. of revolutions per second............ 2.5 
Area of piston (average of 2 sides)........ 200 sq. in. 


Also given the indicator cards, either actual or theoretical, 


Required, 1st. The diagram showing the actual distribution of 


energy to the crank pin. 

2d. The diagram showing how the emergy would be 
distributed if not affected by the reciprocating parts. 

3d. The effect of reciprocating parts. 

4th. The value of the term A Fin Rankine’s formula 
for fly-wheel. 


To construct the required diagram, first compute the values of 
T for the forward stroke from the formula 


| 
— 
Al 
| 
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The valuesof /? for piston positions, corresponding to each ten 
degrees of the forward stroke, are obtained from Fig. 62, and are 


_ represented by the lengths of the ordinates included between the 


~ admission and expansion line of the forward stroke, and the ex- 
~ haust and compression line of the opposite card. [A convenient 
“way of drawing these ordinates is to multiply the fraction of the 
stroke assgiven in the second column of the appropriate table by 
the length of the ecard in inches. The result will be the distance of 
the ordinate (in inches) from the end of the card, | 
Having taken these values of 7, we have all the data for the 
PAD term of our equation, for we know the area of the piston, 
and we have the value of J in the fourth column of the appropriate 
table, which for our problem is Table I. The term 1.226wr.V?CD 
is also easily calculated for each ten degrees of the crank position, 
the process being simply multiplication. Care should be taken to 
give this term its proper algebraic sign. 
Applying the process as above outlined to our problem, we find 


the values as given in the following columns: 


TABLE VII. 


Forward Stroke. 


1.2267 N2CD. 


0,600 
1,266 
2,304 
2,927 
3,034 


2,624 


00 
604 
377 
1,195 

509 
— 153 


Using the formula 


wl 
| PAD | 7. 
10 3,377 1,111 
a) 6,472 4,168 
8.646 5,719 
40 8,266 5.332 
60 4,689 | 
70 3,303 
80 2,264 — 329 
if 90) 1,520 — 1,197 
100 1.035 — 1,865 
110 429 — 2,175 
120 151 — 2,226 
130 000 — 2,058 
160 — 418 — 927 ai 
«170 — 471 — 318 ‘ 
180 
: 
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and taking values of P’ from the ordinates on Fig. 63, we have the 
corresponding solution for the return stroke as follows: 


TABLE VIIL. 


000 
818 
927 
B66 
702 
O58 
175 
S65 
197 
8.9 


624 


2,927 x, 644 
038 1,266 297 
0,000 0,000 


We have now the means of constructing the required diagram, 
which is shown in Fig. 64. 


AB, Fig. 64, is the distance traveled by the crank pin during one 
stroke. This is divided into eighteen equal parts, to correspond to 
the ten-degree crank positions. Through these divisions, ordinates 
are drawn, upon which are laid off the values of 7’ from the fore 
going Table VIT., for the forward stroke above the line from A to 
B: and the values of 7” taken from Table VIII... are for the 
stroke below the line from PB to A.- 

AcdeR is the required curve for forward stroke, and BfyhA is 
the same for return stroke. The whole area represents the work 
done on the crank pin in one revolution. 

By laying off on the ordinates already drawn in Fig. 64, the 
values of PAD in Table VII. above AP, and those of / A’) 
in Table VIII. below BA, we have the diagram Addin BnopA, 
which shows how the pressure on the crank pin would be dis- 
tributed if the reciprocating parts had no weight. 

The lengths of the ordinates included between these lines, give 
the effect of the reciprocating parts, this effect being to diminish 
the pressure on the crank pin where the curve Acde, etc., lies in- 
side the curve Aklm, etc., and vice versd, 


us 
a | PAD’ | 
0,000 
10 1,780 1,462 
20 3,502 2,575 al 
30 5,168 —1 3.797 
40° 6,424 —1 4.722 
50 6,086 — 2 40280 
60° 5,135 — 2 2,909 
70° 4,034 — 
90° 2,200 1 008 
100 1,548 
110° 1,032 
120 1 2,385 
130° |_| 
140° 
150 
160 
170 
180 
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To find the value of A £) first draw the rectangle vwry, whose 
area is equal to that of the curve AcdeBfghA. 


w 


| 
' 


A 


| 
| 


_a 


One and One Half Inches to the Foot. 


4 Vertical------ 4000 Pounds to the Inch. 


Horizontal--- 


< 


There are two equal parts of the enclosed area not common to _ 


the rectangle and the diagram AcdeBfyhA, one part within the 


‘ 
. 
/| 
Js 
| 
3 
| { 
/ 
| 
‘ne \! \ 
as H 4 
ih 
= | 
| 


202 EFFECT OF THE RECIPROCATING PARTS OF HIGH SPEED ENGINES. _ 


rectangle and one outside. Either of these equal areas represents 
the A “of Rankine’s formula for fly-wheels above referred to, and 


one of these areas divided by the area of the rect: angle 4 Low Bey A, : 


AF 
is the , given in Morin’s tables. ™ 
Sp ds 


. . . 
By the aid of the tables above given, correct diagrams can be 


produced in a short time by any engineer, or by an assistant who 


simply knows how to use logarithms for multiplication alone. 


The reciprocal diagram of stress for trusses and girders is a 


means of rapid comparison of designs as well as of direct calcula-— 


tion of stresses. May not the tables for constructing accurate dia- 


grams, representing distribution of energy to the crank pin bring 


general use in the designing of high 


these diagrams into more 


speed engines / 
Method of finding the COMPTESSION line which will just take up 
the actual enc rqy or the reciprocating Pp irts at the end of the stroke. 
The actual energy of the reciprocating parts at any point of the 


forward stroke is: >» 


4 
Me 


in which J is given for every ten degrees of the _— comers in 


tables I., III., and V. For the return stroke, 
in which J’ is given in tables IT., 1V., and VI. 
dt The horizontal component of the load on the crank pin is, 7; 


sina. Near the end of the stroke, sin a diminishes in nearly the 


sane proportion as @ increases, and is zero (Q) at the end of the 


stroke; consequently the work of this horizontal component is ap- 
proximately «= —*—5 , multiplied by the distance of the piston 
from the end of the stroke. 
We have then a ready means of computing the values of F’and yu. 
Let ahedea, Fig. 65, be an indicator card for the forward stroke 


of an engine. Draw a vertical line mn near the end of the stroke. 
Draw a horizontal line fy, so that the area fghi will represent ap- 
proximately the energy exerted by the steam on the steam side of 


the piston during the remainder of the stroke. 
Upon the line fy construct a rectangle fyk/, whose area is equa! 
to the actual energy of the reciprocating parts at mn divided by 
the piston area = — 
A lpn 


EFFECT OF THE RECIPROCATING PARTS OF HIGH SPEED ENGINES. 203 


The whole area ¢Ak/ is the total energy to be overcome in bring- 
ing the piston to rest. Upon the line // construct a rectangle /hrs, 
whose area is equal to the work of the horizontal component of the 
load, per square inch of piston area from mn to the end of the 


stroke = 


1 
q 
= 
5 


A 
The area s7/é represents the energy to be absorbed by compres- 


ion, therefore the compression line LYE of the opposite card must 
be such as to make the area ayr equal to zys. 


If we apply this construction to the illustrative problem previously 


made use of, drawing mn at ;°), of the stroke, which givesa = 150°, 


we find approximately 
gk 20,42 Ibs., 


200 


n= POI 


= 15.24 lbs.; 


gr = 5.18 lbs. 


The principle upon which the above construction is based, may 
he stated as follows: the actual energy of the reciprocating parts at 
any given point of the stroke, plus the energy exerted by the 
steam upon the piston in the direction of its motion, from the 
ziven point to the end of the stroke, should equal the work of the 
horizontal component of the load, plus the work of back pressure 
and compression, from the given point to the end of the stroke. 

DISCUSSION. 


Prof. Gaetano Lanza.—The introduction of the high-speed 
engine has called attention to the importance of studying the 
action of the reciprocating parts and the distribution of the press- 

—ure on the crank pin. 

(Juite a number of people have written upon the subject, but 
all (so far as the writer knows), who have published anything in 
regard to it, have been content to use approximate methods or ap- 
proximate formule, claiming that the exact methods and formule 
would lead to too great complexity. The approximations adopted 
are of two kinds : 


1. Some inexact-value is used for the acceleration of the piston. 


| 
therefore 
a 
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2. The fact is not properly taken account of, that the accelera- 
tions of the different parts of the connecting-rod are different, the 
cross-head end moving with the cross head and sharing its mo- 
tion, while the crank end shares the motion of the crank pin; and 
all other points have a motion different from either. 

In Mr. Charles T. Porter’s book, both of these approximations: 
are used, while Prof. Alden employs the correct value of the 
acceleration of the piston, but considers all the reciprocating ate 
as having the same motion as the piston, 


this subject, and they are not allowed to use any of these approxi- 
mations, but are required to use exact values throughout, inas- 


I am in the habit of giving instruction to my own classes weg 


much as, while the calculation of the tables involves a little more 
labor, their application is just as easy, if they are correct as if 
they are only approximate, and we are fully paid for our trouble 
in caleulating the tables by the fact that the results are accurate. 

My formule and tables will now be given with a brief explana- 
tion of the mode of deducing them, my own notation being used, 
inasmuch as it differs somewhat from that of Prof. Alden. 

A table will then be given referring to the Porter-Allen 10” 
20” engine, of the Massachusetts Institute of Technology, and 
the corresponding table will be computed by Prof. Alden’s 
method, thus showing how much difference arises by adopting 
the approximate values which he has used instead of the correct. 
ones. 

Inasmuch as Prof. Alden has confined himself to the horizontal 
throw, that will be treated first, but a treatment of the vertical 
throw will be given subsequently. i 


Horizontal Throw. 


As far as the velocity and acceleration of the piston are con- 
cerned, both of us follow exactly the same method, and we 
obtain, of course, equivalent formule. They will be given her 
in my own notation : 

Let a = angular velocity of crank expressed in circular measure. 

t = time employed by crank in passing from line of dead 
points to any given position (variable), so that 
crank angle in circular measure. 
length of connecting rod in feet. a 
length of crank in feet. 


| 
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= distance (in feet) passed over by the piston while the 


crank aoe ribes the angle af, 
= velocity of piston at the end of the time ¢. 
acceleration of the piston at the same time. 
number of revolutions per minute, so that 
60 30° 


Also let Ne 


> 


cos 2at 


sin’ Qat 


; 


A= cosat - 


Then we shall have 


sin® at ( 


‘os at 
= ar sin at 


\ sin? at \ 


"| 900 14 B+ 3) 


Let now sv, and fy represent respectively the space passed over 
_ by, the velocity of, and the acceleration of the crank pin, in a 
horizontal direction, then we have 


r (1 = cos at) 
= ar sin at 


9 
= np cos at > 


1900 


/ 
Now proceed to compute tables giving the values of —}. and 
wr 


2, for every 10° of are, these values depending only on the ratio 
nr 


, nd being applicable to any engine having the same ratio of 


- Counecting rod to crank, whatever be its crank length or its speed. 


n 
a 
/l 
.. 
(2) 
an 
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Then from these tables can readily be deduced the values of 7; ee 


for every 10° of crank angle, as soon as the crank length and speed 


] 
are known. These tables, as worked out for values of — equal to— 


51, 5}, and 6 respectively, are given below, the values of —) being 


l 
the same for all values of oe siete 


£01502 01296 .01279 

10 .01274 .01268 01252 .OL080 

20 O17 01081 

30 01054 01051 01042 00950 

40 OOSTT 00840 

50 00671 00672 00674 00705 

60 00446 00429 00457 00548 

70 00216 00221 002384 00875 
80 — .Q00U6 00000 00016 00190 

90 — ,QO209 — — ,OOLSS 

100 — — — .00364 — .00190 
110 — .00534 — .00529 — 00516 — 003875 
— 00651 — 00648 — .00640 — 00548 
130 — 00739 — — — 00705 

— — .00804 — .0OS807 — .00840 
— — — 00857 — 00950 
160 — .QOS872 — .OO8T7 — — 01031 

170 — — .0US92 — — 
OU891 00014 01097 


Now, let 
W, = weight of piston, piston rod, and cross head combined, 


F, = total force required to produce the acceleration 7; in these 


parts, then will 


and the (negative) rotative effect due to this force is to be foun: 
in the same manner as explained by Professor Alden. 
. With the connecting rod, however, the case is quite different, 
although Professor Alden counts it in with the other reciprocating 
parts, and treats them all alike. The acceleration of the cross- 


* 
wr 


| 
=5% | | — =6 
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head end is 7;, while that of the crank-pin end is 7, and that 
of any intermediate point is intermediate between 7; and (73, and 
ean be very easily expressed in terms of (/;, 7 and the distance 
of the point from the cross-head end of the rod. Now, 
imagine the rod divided into a very large number of very 
small pieces, and the mass of each of these pieces multiplied by 
the acceleration of that piece, the sum of the products will be 
the total force required to impart the required acceleration to the 
rod. The same result may be obtained by multiplying the weight 
of the rod by the acceleration of its center of gravity, so that, if 
we let 

W, = weight of connecting rod, 


_ 4, = force required to impart to it the required acceleration, 
#, = acceleration of its center of gravity, 


distance of center of gravity from cross-head end, we 
shall have: 


(8) 


(1) 


In order to find 7) we must weigh the two ends of the rod, and 
if we let 
Wi, = weight of cross-head end, 
Wy, = weight of erank-pin end, then 


W 
L 
4 


Next determine the point of application of this foree 73, and 
after this has been ascertained, resolve it into two parallel com- 
ponents, and /’,, where 
= component of at cross-head end. 
= component of at crank end, 
Then add #, to F, and their combined (negative) rotative 
effect is found in the manner explained by Professor Alden, /. e., 
by multiplying 7, + +4 by D, where 


D = sin at 


( 


7 
/ 
= 
| 
6 
| 
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which, added to the other, gives the entire rotative effect. . 

The determination of the point of application of 7}, and hence 
of the values of /*, and involves a determination of the moment 
of inertia of the rod about the axis of the cross-head pin, and this 
would be a very long and tedious piece of work, if it had to be 
done by measurement and computation. A very easy and elegant 
method of making the determination was pointed out to the writer 
by Mr. Wilfred Lewis, who had previously made an independent 
and complete analysis of the whole problem, and it consists in 
hanging up the rod on a knife edge, allowing it to oscillate by 
gravity, and counting the number of oscillations in a given time, 
thus determining the length of the equivalent simple circular 
pendulum, from which we can readily determine the moment of 
inertia, or, more conveniently, the distance from the center of the 
cross-head pin to the center of percussion of the rod about the 
axis of the cross-head pin, which distance will be called p. 

If we denote by 7 the moment of inertia of the rod about that 
axis, and observe that 

I= pty Ws, 


we can readily deduce the following equations : 


Fi — _ 


ry =i we >! wr = 


a» (14 


where 7, = distance from center of cross-head pin to point o 
application of /,; also 


Ai — p) + frp 
—— 


W, 


“\n*s ny 


(15 


% 


EFFECT OF 


RECIPROCATING 


PARTS (CF 


HIGH SPEED ENGINES, 


909 


Hence the entire (negative) rotative effect of the forces pro- 
ducing the acceleration of the reciprocating parts is 


D4 


cand if # 


to produce the acceler 


have 


and the quantity to be 


is 


A table of the 


follows : 


values 


sin at= 


Vo 


denotes the 


+ 


I’, 
cos al 


D; 


4 ) — | 


equivalent foree at the piston required 


Fs 


cos at 


\ ) — sin? at 


FD. 


of D, for = § 


OF 


.00000 
.20573 
40241 
. 73579 
85954 
94831 
00091 
01473 
00000 
95218 
87847 
T8374 
67275 
.54978 
.41845 
. 28163 
.14157 
. 00000 


.00000 
. 20476 
40057 
57905 


T3293 


94575 
99900 


00000 
. 95321 


.00000 


cos at 


— sin? a/ \ 


(18) 


ation of the reciprocating parts, we shall 


(19) 


deducted from the rotative effect diagram 


(20) 


5}, and 6 respectively 


85645 


01641 


00000 
. 20216 
89567 
7241 


72533 


187 8 
935896 
99393 
01370 
. 00000 
. 95591 
/88545 
79309 
. 68330 
. 56025 
42759 
. 28836 
.14513 
00000 


4 
+ 
a 
| | 
|| 
f= f,+ — 
ain 
ii 
= 
| 
¢ 
D = sinaf- 
— 
— =5 — =6. 
r r r 
0 
10 
20 
30 
40 
59 
70 
80) 
100 
110 
120 . 78630 
130 67564 
140 .55264 
150 42095 
160 28347 
170 | 14254 
14 al 
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Denoting by a the area of the piston-head end, in square inches, 


there will next be given the values of — for three special engines, 


whose dimensions are as follows: ¥ 


Brown. Hi. rris-Corliss, Porter-Allen, 


Diameter, piston 
Diameter, piston rod 


in Ibs 


CRANK ANGLE. 


Brown. Harris-Corliss. Porter-/ 


4.704 
609 
826 
.278 

2.589 
969 


wee 


= 


Inasmuch as my method of working up a pair of simultaneous 
cards differs somewhat from Prof. Alden’s, a set of diagrams (Figs, 
83, 84, 85, 88, 89, 90) will be added for the Porter-Allen engine. 


a 
30 24 20 
60 64 204 
“th 193 87.25 130.90 
78.5 $3.25 55.66 
84.5 83.50 67.14 
! 
F 
a 
| 6.342 41.878 
6.215 40.566 
5.834 $8161 
AO 4.422 99.243 
3.465 23.17% 
1.001 
0.207 
|) —0.835 0.615 
100 —1.793 —1.822 
110 —2.637 --1.943 
—3. 359 —2.475 —1.91 
130 —3.746 —2.912 —26.131 
140 —4.425 —3. 222 —29.537 
—4.782 —8.517 —$2.154 
—4.973 —3. 700 —35.013 
180 | —5.224 | —3.839 —3}.472 
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The diagrams speak for themselves, and need no further explana- 


tion. 
I.—PORTER-ALLEN ENGINE. 


“INDIC ATOR CARDS. 
Fig. 83. 


> 


TRUE STROKE CaRDs, WITH EFFECT OF RECIPROCATING PARTS INDICATED. 


Carns sHowina Eerective Pressure oN PISTON, 


Fig. 85. 


Rorative ErrecT LAID OFF FROM STROKE — 
Fig. $8. 


at 
¢? 
_ 4 
A 
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je ty 


RotativE Errect LAID OFF FROM DEVELOPMENT OF CRANK-PIN CiRcLE. 
Fic. 89. 


In order to show how great an error is made by using Prof. 
Alden n’s approximations, the values of , for the Porter-Allen 


engine, will be computed, and cialis. with the values of Prof. 


Alden’s corresponding quantity, viz 


The results are given in the following 


Difference. 


oO 


come 


— 


some cases to nearly than 25 per cent of the true values. 


‘ 


we let &3, Us, an¢ denote respective 1é space passed ovel 
4 If we let 45, vs, and f; denot pectively the sy | 1 


glance at this table will show that the difference amounts } 


a RECIPROCATING PARTS OF HiGH SPEED ENGINES. 
( oY 
4 
7 
ina a } 7] 
0 | 0.00 0.00 
20 15.10 18.17 3 
30 19.64 16.98 6 
50 
60 > 9 
70 3 
90 2 
100 = 
120 5 
130 
140 "8 
150 38 
160 
170 — 5.09 — 3.76 —1.33 
180 0.00 | 0.00 0.00 
| 
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by, the velocity of, and the : » crank pin in ¢ 


vertical direction, we shall have 


& =rsnat; /;= —a’*rsinat. 


Moreover, the vertical acceleration of the cross-head end of the 
rod is zero, and hence that of a point at a distance « from the 


cross-head end is f = /; i j 
Hence, if /’, denote the total vertical throw of the rod, we shall 


have 


We 


Its point of application being at a distance p from the eross- 


head end, the equivalent vertical force at the crank pin is 
Wn ay sin at 


and the rotative effect due to 7” is 


R’ = F" cos at = \ ay sin at cos at?>. 
lig 


If we assume the crank pin to lie above the line of dead points 
while moving from the head end towards the crank end, and thus 
eling the head end upper quadrant the first quadrant, if will _ 
follow that this rotative effect is to be added in the first quadrant, 7 
; to be subtracted in the second, to be added in the third, and sub- 
tracted in the fourth, 


Ii . 
Tables of values of . for the three engines already men- 


tioned, will now be given, and also the diagram of rotative effect, 
taking aceount of the vertical throw. 


| 
= 


SPEED ENGINES. 


Kia. 90. 


CRANK. 
Brown. Harris-Corliss. Porter- Allen. 
0.000 0.000 
O63 1.400 
“219 2.432 
.158 3.623 
179 4.120 
.179 4.120 
.158 3.623 
2.632 
063 1.400 
000 0.000 
— —.116 —1.400 
—.117 — .219 —-2.632 
— .158 — —3.623 
—.179 — 4.120 
—.179 — .836 —4.120 
—.117 —.219 — 2.632 
— .068 —.116 —1.400 
— .000 — .000 —0.000 


Mr. Wilfred Lewis.—The criticism which IT had intended to 
make on this paper is substantially the same as the one just given 


by Prof. Lanza, namely, that the connecting rod has not received 
the consideration which it requires. This ground, T think, has 
been well taken and maintained in the discussion we have heard, 


and I am sure the analysis presented is much fuller and better 
than anything I can attempt to give orally at this time. My own 
researches on the subject are not very fresh in mind, having been 


made some two years ago for the purpose of determining the 


inertia of the reciprocating parts in our shop engine, and I have 


not had the leisure to review them carefully in preparation for 
this meeting. At that time I studied the question very thoroughly, 
and developed my results by means of formule and tables similar 


214 EFFECT OF RECIPROCATING PARTS OF 
| 
| | 
= 


EFFECT OF THE RECIPROCATING PARTS OF HIGH SPEED ENGINES. 215 


to those given in the paper. Further than that, however, I made 
the connecting rod the subject of special investigition, and con- 
structed diagrams in which the center of oscillation, as well as 
the center of gravity, was duly considered. Both of these points 
were determined by experiment, the center of gravity, by weigh- 


ing the rod at each end, and the center of oscillation, by suspend- 


— ing it at a convenient point and counting the vibrations in a given 


time. My method of determining the effects of inertia was, if 
T remember rightly, somewhat different from that developed by 
Prof. Lanza in his more recent analysis, and I cannot say at 
present whether we agree entirely or not. 


Since the New York meeting adjourned * I have compared my 
original method of determining the inertia of the reciprocating 
parts with the one given by Prof. Lanza, and found that although 
we differ somewhat in our modes of treatment, the results obtained 
in either way are identical. 
Having found the centers of gravity and oscillation by experi- 
ment, 1 considered the weight of the connecting rod to be dis- 
tributed at the cross-head pin and the center of oscillation rela- 
tive thereto so as to maintain the same center of gravity, and pro- 
ceeded to find the inertia of the masses moving at these two 
— points respectively. With the mass of the connecting rod so dis- 
tributed IT simply added to that part at cross-head pin, the mass 
of the piston, piston rod and cross head, as partaking of the same 

movement, and thus disposed the whole mass of the reciprocat- 
‘ing parts at the two points mentioned. 

The work of determining the inertia at these points by means 
of general formule is, however, very laborious, and even by the 
aid of tables the greatest care and attention must be exercised to 
avoid mistakes. The result of the numerous calculations, when 
finally plotted, may be taken, to some extent, as a measure of the 
integrity of the various steps in the process, but the only positive 
safeguard at present lies in a repetition of the whole work. In 
view of this point and the fact that graphical results are the ends 

— to be attained, it has oceurred to me that they should be reached, 
as faras possible, by graphical methods, so as to reduce the neces- 
— sary calculations to a minimum, and I now propose to show how 
this may be done with comparative ease. 


* Contributed under the rules. 
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Fig. 93 is a construction for finding the horizontal velocity of 


any point in the connecting rod for any part of the stroke. Fig. 7 
a construction for finding the vertical velocity and 


Fig. 94 


tion of any point in the connecting rod for any part of the stroke 7 
and Fig. 95, a construction for finding the horizont: il acceleration 


Fig. 95 


sh B 
Cc 
8. 
F 


of any point in the connecting rod for any part of the stroke. 

In these figures A PC is the line of centers, AB the connect 
ing rod, and #C' the crank, and the distance represented by the 
radius 7 is taken to be the measure of crank velocity and its 
radial acceleration as well. In Fig. 98, let 2’ be any point in the 
erank circle, and B’'A’ = BA, the connecting rod; draw HCI’ 
perpendicular to AD, and, if necessary, produce AB’ to the in 
tersection a, then will Ca be the measure of the velocity of the 
point A’, as shown by Rankine and others. The horizontal 
velocity of the point B is measured by the ordinate Be, and if 
we lay off Aa = Ca, and draw a B, we may adopt a constrac- 
tion used by Prof. Lanza, and find the velocity of any point o in 
the connecting rod by the ordinate fy passing through it. 


Fig. 98 
g 
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; _ The vertical velocity at A is of course zero, while that at B’ is 
measured by the distance e(’, consequently in Fig. 94 ek is laid 


off equal to eC, and ordinates to the line A’k measure the vertical 
velocity of the points in the connecting rod through which they 
pass. 

The construction for finding the vertical acceleration of any 
point in the connecting rod is very simple indeed, for at any point 
o, the ordinate og is at once the measure of it. 

The construction for finding the horizontal acceleration shown 
in Fig. 95 is as follows: draw Cd perpendicular to A’, meeting 
it, or the line produced, in the point d, and make Bim parallel to 
Cl. At the point m, erect, perpendicular to AD, mn equal in 
length to Bd and draw AnwF. Produce dC and draw Fp par- 
allel to AD, then will Cp represent the horizonal acceleration 
of the point A’. If now we lay off the ordinates Ap’ = Cp, ei = 
eC’, and draw the line p7, any ordinate g/ will measure the hori- 
zontal acceleration of the point 0 through which it passes. 

To demonstrate that Cp is the measure of horizontal accelera- 
tion for the point A’, let the velocity of the point B be resolved 
into its components Cd along 4B and Bd perpendicular thereto. 
The component along A Bb’ produces no acceleration while the 
component at right angles produces at B in the direction of A’ B 
an acceleration represented by Bd, and at -1’ in the same diree- 
tion an additional amount which is inversely proportional to the 
distances A’B’ and Bd. Therefore, by the construction, CF’ 
represents the acceleration of A’ in the direction of 4B, and 
consequently Cp is the acceleration in the direction of AD. 

If, now, we assume ov for the center of oscillation of the econ- 
necting rod about the ecross-bead pin, we can proceed to construct 
diagrams for the horizontal accelerations of A and o and also for 
the vertical acceleration of o. Such diagrams are shown in Fig. 
the ordinates be- 
ing taken for every 
OU of crank angle. 

The actual forces 
of inertia may be 
found by multiply- 


ing these accelera- 
tions by the masses 
eoncentrated at A 


_ and o respectively. This is a matter of simple proportion, de- 


| 
i 
: 
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pending upon the scale desired, and constructively it requires no 
special explanation. Thus far the velocity of the crank pin in 
feet per second has been assumed as measured by the radius r of 
the crank in feet, and consequently, for any velocity, v, of the 
crank, the distance r on the diagrams will measure an accelera- 


tion of \ :) . For a unit of mass, or about 32.2 lbs. at erank pin, 


the inertia in a radial direction will also be expressed by 3 
7 


and whatever the masses at 4 and o or the speed of the engine 
may be, the scale of the diagram Fig. 96 can readily be adjusted 
to correspond with the seale of the indicator cards by construct- 
ing a simple proportion. 

The three diagrams shown in Fig. 6 can best be combined by 
finding the rotative effect of each, and this has been done in 
Figs. 97, 98,.and 9, for every 15° of crank angle. Fig. 97 repre- 


sents the rotative effect of a unit of mass at cross-head pin; Fig. 
98, the same for the horizontal throw at center of oscillation ; and 
Fig. 99, the same for the vertical throw at that point. To de- 
termine the rotative effect, the inertia at each point A and « 
must be multiplied by the effective radius at which it acts. But 
the velocity at any point in a given direction is also the measure 
of the effective radius at which a force in that direction acts, and 
we have for the rotative effect at A’, A'p’ times dA’a’. This mul- 
tiplication is readily accomplished by laying off in Fig..95, A’) = / 
and A'a' the same as in Fig. 93, then by drawing a's’ parallel t: 
p'b', we have A's" for the rotative effect due to a unit of mass at 
the point 4’. Similarly, in Fig. 94, the rotative effect due t 


| Fig. 99 

| 
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vertical throw is measured by the product of oy and yA or by gs, 
and in Fig. 95 the rotative effect due to the horizontal throw of 
ois equal to g/ times gf or to gs’. Combining Figs. 98 and 99, 


Fig. 100 


we have Fig. 100 for the rotative effect of a unit mass at 0; and, 
combining Figs. 97 and 100, we have Fig. 101 for the rotative 
effect of a unit of mass at 4 and o respectively. 

By the aid of Fig. 101 the three diagrams shown in Fig. 96 
may readily be combined into one, representing the equivalent 
force of inertia at cross-head pin, in order to be directly compar- 
able with an indicator card. At the dead centers Fig. 101 is 
useless, for at these points the effect of inertia can be found 
directly from Fig. 16. 

Tn actual practice it will, of course, be unnecessary to construct 
so many figures, and to illustrate the use of this graphical method, 
we will take the following practical example :— 

length of crank = 1 ft., 
length of connecting rod = 4 ft., 
- No. of revs. per see. = 3, 
- weight of connecting rod at cross-head end = 90 Ibs., 
weight of connecting rod at erank end = 150 lbs., 
time of oscillation of connecting rod when suspended at 
cross-head pin = see., 

W, = weight of piston, piston rod and cross-head = 560 lbs. 
~ From the above figures it can readily be found that the center 
of gravity of the connecting rod is two and a half feet from cross- 

head pin, and its center of oscillation three feet from the same 
point. Therefore, to maintain the same center of gravity, we 
must assume forty pounds at cross-head pin and two hundred 
pounds at the center of oscillation. The total weight of the re- 
_ciprocating parts may now be distributed at these two points. 


| 
Fig. 101 
: 
| 
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W, = total weight concentrated at cross-head pin = 600 lbs. 7 4 
W, = weight concentrated at center of oscillation = 200 Ibs. 
Let the piston area A = 200 square inches, and suppose that 
we wish to construct an inertia diagram directly comparable to 
an indicator card four inches long, taken by an indicator having 
a forty pound spring. 
To fix the seale of ordinates, we must determine the radius 7 
to be used in our constructions, and this can readily be found by 
the formula 


1.226 
40 4 


from which, by substitution, we derive 


fe 
1-226 x 600 9_ 
40) 200 = .O40 IN. 


For the scale of abscissas, we simply let the length of the eard, 
4", determine the stroke, and find the points 1,.1,, ete., Fig. 103, 
corresponding to the crank angles assumed, as in Fig. 6. 
The construction for finding the ordinates in Fig. 103 is 


shown in Fig. 102, r being laid oft equal to .823” and the 


Fig. 102 


distance AB=4r. The inertia of the mass at cross-head 
pin is found as in the previous construction to be A’p. Thi 


| E 
ae Pp. 
A A. A. A. A 
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rotative effects of the horizontal and vertical throws at o are 
also found, as already described, to be gs’ and gs respectively, 
and, as they act in opposite directions, their sum is ss’. Now, 
the rotative effect of a force at A has been found by taking the 
product of the force and its velocity Ca, and, therefore, the force 
at A’ necessary to produce a given rotative effect can be found 
by dividing the effect produced by the velocity. ss’ is the effect 
produced by a weight at o equal to the weight at A, and conse- 


quently it must be multiplied by the ratio iW" to find the true 


a 

effect. “This is done in the next construction for finding A’, 

which is the inertia at A’ equivalent to the inertia ato. If we 

lay off A¢= ss and Aa = Ca, we may find A? by laying off 

and drawing parallel to a’, then will be the 

a 

ordinate in Fig. 103 for the point 4’. Similarly, ordinates may 
be found for any other points, except the dead points, where the 

construction is somewhat simpler, as already pointed out. By 
comparing App,dy Fig. 96, which may be recognized as the usual 

form of inertia diagrams, with Fig. 103, the disturbing effect of the 

connecting rod is plainly to be seen. 

Other diagrams might be constructed to show the resulting 

pressures on guides and bearings, but enough has been done to 
suggest the extended application of graphical methods to prob- 
lems which have heretofore resisted or yielded only with difficulty 
to the most searching analyses. 

It is thought, in conclusion, that the graphical method here 

given presents fewer difficulties, is more direct and certain in its 
results, and that if used in connection with the analytical method 
it will act as a convenient and efficient check. 

It should be noted that the center of, oscillation o, has been 

loeated with reference to the cross-head pin for convenience only, 

and that the crank pin, for instance, might have been taken as 
one of the centers equally well, and the weight of the connect- 
ing rod disposed accordingly, without affecting the results ob- 
tained. 

Prof. G. I, Alden.—I would like to thank Prof. Lanza for two 
things. One is for verifying some of the tables, which I caleu- 
lated while I was full of other duties. He has, I understand, made 
calculations from them, and comparing them with his work has 
found them substantially correct. And I also wish to thank him 
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for supplementing the paper with his able discussion in regard to 


the effect of the connecting rod, which for the sake of greater 
simplicity in the use of the tables I did not take account of in my 
paper. I thought something would be gained if tables could be 


obtained which were simple enough so that any engineer would 


be able to construct substantially accurate diagrams. In most 


eases this is not attempted with any approach to the accuracy 
obtained by the use of my tables. Anything we can do to bring 
these tables, or the more exact results which Prof. Lanza has ob- 
tained, more readily into use will I think be valuable. I hope 
that at some time some of the gentlemen will look over the last. 


paragraph of my paper in regard to the method of finding the 


compression line of the engine. 1 do not know whether it would 


be of special value to discuss it now. 


L My purpose* in presenting the paper under discussion was a_ 


very simple one, viz., to furnish tables by means of which the con-- 


struction of diagrams, much more accurate than those usually 


employed, might become common among engineers. I aimed to 


eliminate the labor due to mathematical intricacy, and still secure. 


valuable practical results. That only approximate results are 


aimed at does not necessarily detract from the value of the tables — 
given. 
It is, however, important to know the degree of accuracy ob- 


tained by an approximate method, and the manner in which the 


error affects results. In the present case the discussion has given 


us the means of determining these points. Methods of comput- — 


ing and representing the error due to the approximation, have 


been given. They are instructive and beautiful examples of 


critical analysis and original investigation, but from their com- 


plexity are of no practical value to the engineer as methods of 


constructing the required diagrams. 


There is one point in the discussion to which I desire to call at- 


tention, viz., the comparison made by Prof. Lanza between the 


results—for a special problem—of his own methods and _ those 


given in my paper. Assuming the correctness of his figures, he 


has, inadvertently, no doubt, made unwarranted use of them in 


_ the comparison referred to (page 212). Having given the (nega- 
tive) rotative effect due to “ horizontal throw,” he compares, in a 
table, these results with the total (negative) rotative effect as cal- 


* Added since the adjournment of the meeting under the rules. 
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culated by my approximate method, and remarks, that “a glance 
at the table shows that the difference amounts in some cases to 
more than 25%.” He then proceeds to give, in a table, the rota- 
tive effect of “ vertical throw ” for the same problem, but does not 
combine his two partial solutions, It is necessary to do this, in 
order to obtain, by his method, the total rotative effect. I there- 
fore give the following table, using Prof. Lanza’s figures : 


Rotative Effect Rotative Effect Total Rotative “aac 
Crank Angle, Hori-| due to“ Verti- Effect, by exact Approximate Difference 
zontal Throw.’ cal Throw.” Method. 


(Negative. ) (Positive.) (Neyative.) (Neyative.) 


0.00 0.000 0.000 0.00 0.000 
8.20 1.400 6.800 7.18 .38 

15.10 2.6382 12.468 13.17 .702 

19 64 16.017 16.98 963 
4.120 17.090 18.05 960 

4.120 5.550 . 16.33 

8623 747 2.25 08 

2.652 3.588 3.6 0.052 

1.400 750 

0.000 -740 5.26 ~ 0.520 

1.400 - 9 240 .630 

1 1.915 2.632 2 602 

17.38 3.623 

17.86 4.120 

16.55 4.120 340 

13.75 — 3.123 .248 

81 2.632 - 1,092 

— §.09 1.400 6 3.7 0.070 

— 0.00 0.000 ; 0.000 


This comparison shows the close approximation obtained by 
the use of the tables given in my paper. The inconsistency of 
Professor Lanza’s comparison of his partial solution with the 
results of my approximate method is quite apparent from the fact 
that by his own figures, his partial solution is mach farther from 
the truth than the approximation with which he has compared it. 
Moreover, the error of the approximate method is of the opposite 
kind from that shown by his comparison. It may also be noted 
that in the problem solved by Prof. Lanza the weight of the con- 
necting rod is nearly equal to that of all the other reciprocating 
parts '738. It would seem that the percentage of error would be 
considerably reduced for a case in which the ratio of weight of 
connecting rod to that of the other reciprocating parts is smaller 


: 
0 
10 
20) 
40 
50 
60 
v0 
100 
110 
120 
130 
140° 
150 
160 
170 
| 
; 
- # 


2924 EFFECT OF THE RECIPROCATING PARTS OF HIGH SPEED ENGINES. 


and more nearly that found in modern practice. Mr, Lewis, in 
illustrating his graphical method, has used a ratio of $. 
In view of all the facts brought out in the discussion, it appears 


that the tables and method of using them, as given in my paper, 
may be recommended as the best practical means available for 
ordinary use in making computations for rotative effect of recipro- 
eating parts in high speed engines. 
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IS WATER GAS AN ECONOMICAL FUEL? 


BY WILLIAM KENT, NEW YORK. 
Loe 
(Member of the Society.) 


Ix the discussion of Mr. F. W. Taylor's paper on water gas, at 


the Chicago meeting, the writer stated that the conclusion to which 


M 


Is 


r. Taylor had been led by his experiments, viz.: that water gas 
hot as economical as Siemens gas, when used as a fuel for steel- 


melting furnaces, would probably be confirmed by a theoretical 


consideration of the amount of heat carried away in the chimney 
gases. <A further study of the subject shows that the opinion then 


given was correct. 


Let C represent the carbon in a given quantity of fuel. 
O the oxygen needed to make carbonic oxide (CO) with 
this 
20 the oxygen needed to make carbonic acid (CO,) with the 
same ©, 
H,O the water needed to make water gas of the formula 
(CO + 2H) with the same C. 
N the nitrogen in the air from which the O is taken to burn 
C to CO, 
2N the nitrogen in the air from which the 20 is taken to 
burn © to COs. 
Ex. air the excess of air used in final combustion in the furnace 
over that required to make complete combustion. 


The fuel may be used in three ways : 


Ist, by direct and complete combustion in the furnace. 
2d, by partial combustion in the Siemens gas producer, and final 
combustion of the Siemens gas in the furnace. 
3d, by partial combustion in the water gas producer, and final 
combustion of the water gas. 
15 
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The results of the three ways of burning the fuel are as follows : 
Materials used. Products. 

1. Direct. C +20 + 2N 4+ Ex. air CO, + 2N + Ex. air. 
In producer, C+O+4+N CO + N (Siemens gas). 

2. Siemens. < In furnace, ) 
air J 
In producer, C + CO +211 (Water gas). 
3. Water gas. - In furnace, ) CO,+2N+Ex. air 

air | HO. 


CO, + 2N + Ex. air. 


The final product of (1) and (2) is the same. The final prodnet 
of (8) differs from that of (1) and (2) only in containing H,O, which 
is the same H,O (water) which was added in the producer in mak- 
ing the gas. This is true whatever may be the actual formula of 
the water gas, All the water originally used in the manufacture 
of the gas reappears in the products of combustion in the chimney. 
The only difference is, that in the chimney it appears in the form 
of steam, superheated to the temperature of the chimney gases, 
while it originally enters the system as cold water. All the heat 
contained in the water thus escaping in the chimney, above the 
amount it contained when it was originally introduced into the 
system, is entirely wasted. 

The amount of heat thus wasted can be ecaleulated if we know 
the amount of water used, and its temperature on entering and on 
leaving the system. 

a Suppose a pure water gas to be of the formula 


CO + I] made from C + H,O 
or, pounds, 12 + 16 + 2 12 +18 


_ The escaping gases would contain, in addition to nitrogen and ex 
cess of air, 


«fl. CO, + 
pounds 44 + 18. 


The 18 pounds of water being the same from which the water gas 
was made with 12 pounds carbon. The carbon, if completely 
burned from C to CO,, would generate 12 « 14,500 = 174,000 heat 
units (Fahrenheit). Suppose that the chimney gases are cooled by 
regenerators or other means down to 212° F., that the water escapes 
in the form of steam of that temperature—its total heat, including 
latent heat of evaporation, being 1,178° F.—and that the water cn- 
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tered the system at 78 FE. The heat carried away by this water 
escaping in the shape of steam, in excess of that which it intro- 
duced into the system, would be 
“a 

4.100 x 18 = 19,890 heat units, 

equal to about 11.4 per cent. of the whole amount of heat produced 
by burning the 12 Ibs. carbon from C to CO. 

This is the most favorable case, for it is in practice never poasible 
to cool the chimney gases of heating furnaces to a temperature as 
low as 212° F. 

Theoretical considerations therefore indicate a loss of economy 
in the use of water gas as fuel, equ: alto at least 11 per cent. of the 
total fuel value of the carbon used, and this, independent of any 
loss Which may arise from imperfections of the producer or its 
method of operation. 

Such a loss is not met with in the Siemens system, nor in the 
ordins iry system of direct burning of the fuel upon a grate, except 
in so far as moisture in the shape of cold water may be present in 
the fuel used. 

The fact that there is a loss of economy in the use of water gas 
as a fuel, in hy ei with the direct use of the carbon from 
which it is made, is clearly revealed in other ways, however, even 
by some of those who have writtenin favor of the water-gas pro- 
cesses, For instance, Dr. Henry Wurtz, in Vol. VIII. Trans. 
Amer. Inst. Mining Engineers, pp. 295, 296, shows that 37.5 
pounds of anthracite coal are required to generate 1,000 cubic feet 
of water gas, and that water gas has a heating power of 311° F. per 
enbic foot. This equals 311, 000 heat units per 1,000 ¢ ‘ubic feet. 

Assuming anthracite to produce 15,000 heat units per pound (a 
moderate figure), the 37.5 pounds if burned directly hae! | produce 
13.000 x 37.5 = 487,500 heat units, showing that the water gas 
has a thermic value of only 63.8 per cent. of the coal from whicle it 
is produced. 

Better results are deduced theoretically by Mr. Win. A. Good- 
year, Vol. XI. Trans. Amer. Inst. Mining Engineers, p. 311. Ile 
shows that water gas derived from anthracite has about 81 per 
cent. of the heat-producing power of the carbon contained in the 
anthracite. Neither of the two writers named, however, seems to 
have considered the cause of the loss of heat to which I have re- 
ferred, viz.: the —— away of heat in the superheated steam in 

the chimney gases 
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DISCUSSION. 

Mr. Fred. W. Taylor.—The writer agrees with Mr. Kent in his 
main conclusion, that “ water gas is not as economical as Siemens 
gas, when used as a fuel for steel melting furnaces ;” but he can- 
not agree that the above conclusion could be arrived at by ‘ 
theoretical consideration of the amount of heat carried away in 
the chimney gases” alone. On the contrary, if we were to con- 
sider merely the relative amounts of heat carried away by the 
chimney gases, water gas would be shown to be more economical 
than Siemens gus. 

In the calculations as a result of which Mr. Kent arrives at the 
following conclusion, “ Theoretical considerations, therefore, in- 
dicate a loss of economy in the use of water gas as fuel, equal to 
at least eleven per cent. of the total fuel value of the carbon used, 
and this independent of any loss which may arise from imperfec- 
tions of the producer or its method of operation. Such a loss is 
not met with in the Siemens system, ete., ete,” he has entirely 
overlooked the fact that the water which passes off in the chim- 
ney, in the form of steam, is produced by the combustion of the 
hydrogen (H) in water gas which, in burning from H to H,O, 
develops a larger amount of heat than any other constituent of 
water gas. 

Mr. Kent very truly states that “the carbon, if completely 
burned from C to CO,, would generate 174,000 heat units (Fahren- 
heit) ;” but he makes no mention of the amount of heat which the 
hydrogen develops in burning from H to H,O. 

Mr. Kent has also overlooked the fact that the waste products 
of enough Siemens gas to generate the same amount of heat as 
would be generated by a given amount of water gas contain about 
four-fifths as much superheated steam as the waste products of 
water gas. Any conclusions, therefore, which are based on ecal- 
culations which do not consider all of the elements of the problem, 
are likely to be misleading. 

It would seem to the writer that the following were a better 
method of dealing with this problem. 

Let us first select a sample of Siemens gas and one of water 
gas, whose analyses show them to be of about average quality. 
Such samples, I think, would be the following : 


For water gas, a sample taken from Lowe’s gas producers, after 
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passing through purifier, at Novelties Exhibition, P hilade ‘Iphia, 
October 16, 1885: 
44.5 vols. 
ps. 
28 Air. 


1.1 undetermined. 
lor Siemens gas, an average of a large number of samples 
taken from the Siemens producers at Midvale Steel Co., Nice- 
town, Philadelphia, 1883: 
vols. 


One cubie foot of water gas of the above composition will de- 
velop in burning 327 heat units (Ib. Fahrenheit), including the 
latent heat of evaporation of the superheated steam which escapes 
in the stack. 2.42 eubie feet of Siemens gas will also develop 


827 B.t.u. But one eubie foot of water gas, after having been 
burned, will produce only 2.87 eubie feet of waste or chimney 
gases, while its-equivalent, 2.42 eubie feet of Siemens eas, will 
produce 4.59 eubie feet of chimney gases. 

Supposing that the chimney gases enter the stack at a tempera- 
ture of 400°, which is a low chimney temperature for furnaces, 
and that the water and air ased in making and burning the gases 
entered the furnaces at a temperature of 78° F., the 2.87 enbie 
feet constituting the chimney gases resulting from the combustion 
of one eubie foot of water gas will carry to waste 44.305 B.t. u 
(ineluding the latent heat of evaporation of the steam contained 
in them), while the 4.59 eubie feet constituting the chimne ‘'y gases 
resulting from the combustion of 2.42 eubie feet of Siemens gas 
Will carry to waste 51.51 B. t. u. (including the latent heat of 
evaporation of the steam contained in them). 

From the above figures we see that in the case of Siemens gas 


‘= 15.75 per cent. of the total heat generated is lost in the 


44.305 
stack, while in the case of water gas only nog = 13.55 per cent. 


Ve 


of the total heat generated is carried away by the chimney gases. 


: 
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If the relative values of the two gases were to be judged by the 
relative amounts of heat wasted in the chimney, water gas would 
be shown to be 2.2 per cent. more economical than Siemens gas. 
In point of fact, the two principal eauses which render water gas 
less economical than Siemens gas have relation to the process 
of manufacture of the two gases. They are as follows : 

First. The fuel available for making water gas is more expen- 
sive than that used for Siemens gas. 

Second. There is a great waste of heat in making water gas, 
during that part of the process in which air is blown throveh the 
coals to heat them to incandescence. Just how much heat is here 
wasted no ecaleulations cau show. Experience, however, shows it 
to be large. 

Mr. Nent.—I have not stated in my paper at all that this loss 
of heat in the chimney was the principal loss in the water-gas 
process. I state distinctly that the loss of eleven per cent. is 


independent of any loss which might occur from the defects of 


the producer. 

Mr. Taylor’s criticism consists chiefly in saying that I have 
overlooked several things. I have overlooked them purposely, 
and that is the proper way to get at this problem, by overlooking 
the intermediate stages of the process, and considering only the 
beginning and the end of the process, the fuel used to generate 
the heat, and the amount of heat wastefully discharged. He 
begins his caleulation by taking a pound of water gas and com- 
paring it with an equivalent amount of Siemens gas. I begin 
with a ton of coal, and burn that coal in three ways: first on a 
grate, second in the Siemens system, and third in the water-gas 
system. My calculation here shows conclusively, [ think, that in 
burning in the Siemens system, or on a grate, the final product 
in the chimney will be the same. In burning in the water-gas 
system there will be an amount of superheated steam going off, 
which carries away heat equal, at the very lowest calculation, to 
eleven per cent. of the heating value of the carbon in the coal. 

Mr. A. P. Trautwein.—The concern with which I am connected 
has been engaged for some ten years or more in developing thic 
methods of manufacture and use of water gas, principally, how- 
ever, for the purposes of illumination, rather than for metallurgical 
or general fuel purposes. Of course, the applicability of water 
gas for these latter uses has received more than mere incident:! 
consideration, because schemes to introduce fuel gas into cities 
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have repeatedly been proposed, and, from our close connection 
with the gas-lighting interests, have naturally come under our 
notice. The conclusion, however, Was definitely reached, in every 
instance, that whatever the advantages of water gas in other re- 
spects, it cannot be regarded as an economical means of utilizing 
to the best extent the calorific value of coal. There are, however: 
instances in which water gas must be applied for fuel purposes, 
quite independent of these economic considerations, and in the 
operations of our own establishment it now finds a daily and very 
successful application. 

Regarding the point about which Messrs. Taylor and Kent are 
in controversy, there is but this to say: It is quite immaterial, for 
the purpose of arriving at a solution of the problem, whether the 
primary combustion of the coal is carried on in an atmosphere of 
steam (as is done in the water-gas system), and the secondary 
combustion concluded in the presence of air, or whether (as in the 
Siemens producer and its regenerative furnace) the combustion, 
both primary and secondary, occurs in air; because, granting that 
the laws of the conservation of energy hold true, it is not neces- 
sary to consider any of the intermediate steps ; and we have but 
to look to the final products of combustion, and note wherein they 
differ, and how much heat they carry to waste, to arrive at 
knowledge of how much more heat energy is lost in one process 
than in the other. This is the method suggested by Mr. Kent, 
whose way of looking at the whole problem is, in my opinion, un- 
questionably correct. The final products of combustion are the 
sume in both eases, except that in addition to the carbonic oxide 
and nitrogen, we also find, in the water-gas system, a certain 
amount of water vapor, which entered it at the boiler in the form 
of comparatively cold feed water, and here reappears as supe r- 
heated steam. It is this steam, which, aside of course from all 
questions of radiation and similar losses, represents the waste of 
energy in the manufacture of fuel gas by the water-gas process, as 
compared _ the Siemens producer and furnace. 

OMe. I. W. Taylor.—1 would ask what Mr. Kent has to say to 
th fact that the w: aste chimney gases of Siemens gas contain four- 


fifths as much superheated steam as the waste chiseney gases of 
Water gas. He has entirely overlooked the fact that the waste 
products of Siemens gas contain superheated steam. 

If he will take the pains to study the actual composition of the 
waste chimney gases of the Siemens gas, he will find that they 
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contain four-fifths as much weight of superheated steam as is con- 
tained in the waste products of water gas. 

How he can say, in view of that fact, that there is a waste of 
eleven per cent. of the total fuel value of the water gas, which does 
not take place in the Siemens gas, I cannot see. That is his main 
conclusion, 

Mr, Nent.—My answer to that is that the coal used in making 
that Siemens gas must have been very wet. 


Mr. Taylov.—The coal used in making that Siemens gas was 


the ordinary bituminous coal, from which most of the Siemens and 
illuminating gas in the country is made, and contained no more 
moisture than such coal ordinarily contains. 

In the process of generating Siemens gas, the light hydrocarbon 
and hydrogen gases are driven off from the coal first. They con- 
stitute the most valuable and richest part of the Siemens gas; and 
the steam contained in the waste products of Siemens gas results 
from the combustion of this hydrogen. 

I have never seen an analysis of good Siemens gas which did 
not contain a considerable amount of free hydrogen and light 
hydrocarbon gases. 

I would inform Mr. Kent that when the bituminous coal used 
for making Siemens gas does not contain a suflicient amount of 
moisture to generate the desired quantity of hydrogen, it is cus- 
tomary to add water to the coal, either in the form of steam intro- 
duced into the producer, or water in the ash pit. 

I agree with Mr. Kent entirely that water gas is less economical 
as a fuel than Siemens gas. But I disagree with him that any 
such conclusion can be arrived at by the examination of the chim 
ney gases alone. 

Mr. Geo. Schuhmann.—We are not using any water gas, but I 
have read all the literature on this subject that I could find, and 
have no doubt Mr. Kent’s view is correct theoretically, and assum- 
ing perfect combustion, we can get more heat units out of a ton of 
coal by burning it direct, than we can by transforming it first into 
water gas ; but this does not answer the question at the head of 
this paper, for we may also prove that we cannot get as many heat 
units out of a certain amount of steam as we could get by direct 
combustion of the coal which was necessary for generating said 
amount of steam, and still a great many factories, ete., are heated 
more economically with steam than by burning coal in stoves: 
so it is with water gas, although at a disadvantage theoretically, 
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I think it can be used as fuel where Siemens gas will not work 
satisfactorily, and where coal can only be used with a large waste ; 
for instance, in small furnaces, or where a large amount of heat 
is to be concentrated at a certain spot without heating too much 
of the surrounding material. I have been looking around for a 
gas producer that will make gas for small furnaces, but the manu- 
facturers of the various modifications of Siemens producers would 
not guarantee economy in small furnaces ; one manufacturer told 


me that Siemens gas could not give much economy without re- 


generative chambers, which, we know, are very expensive affairs, 
I have not given up the search yet, but am inclined to believe 
that for small furnaces water gas is a more economical fuel than 
Siemens gas, especially if the latter can hardly be used at all. 
Therefore, speaking from a practical point of view, I should 
answer Mr. Kent’s question: “Is water gas an economical fuel ?” 
by saying: “That depends on what it is to be used for.” T simply 
make these remarks, so that those who are experimenting with 
water gas will not get discouraged by reading Mr. Kent's paper. 
Mr. Taylor spoke about the large amount of heat deteloped by 
~ burning hydrogen, but that does not alter Mr. Kent’s argument, 
because it requires just as many heat units to dissociate the 
hydrogen from the oxygen when blowing steam over hot coal. 

Mr. Kent.—I entirely agree with Mr. Schuhmann on that point, 
and I only referred to heating on a large scale, as in a steel melt- 
‘ing furnace. The other day some one asked me about small 
furnaces, and I said I would either use water gas for it, or take 
common illuminating gas out of the street mains. The choice 
then would be between building a water-gas producer or buying 
the gas from a gas company. 

The Chairman,—While not pretending to any expert knowledge 
on the subject of Siemens and water gases, it has seemed to me, 
as I have listened to this discussion, that there is, after all, an 
explanation of the apparently radical difference between Mr. 
Taylor and Mr. Kent, which may be compared to the case of a 
steam engine and boiler. One method of testing a steam engine 
and boiler plant, as a whole, would be to weigh the amount of 

fuel put in at one end and measure the amount of heat which 
disappeared in the chimney, and to consider the useful effect as 
the difference between them. But if the purpose was to apply 
the steam generated to producing power, it would be necessary 
to take into account one of the intermediate steps of the process, 
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namely, the steam engine, and the efficiency derived from that 
would thus become a factor. Mr. Taylor's position, as I under- 
stand it, brings in these intermediate questions ; while Mr. Kent's 
ignores those and takes account only of the two extremes of the 
process. Both points of view may be correct. It may be neces- 
sary, under different conditions, to consider the one or the other, 
but I do not see that there is necessarily any conflict between 
them. I understand that that is also Mr. Schuhmann’s explana 
tion of the matter. 

Mr, Schuhinann.—Yes, sir; it depends a great deal on the use 
to which the gas is to be put. 
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THE NEW CALORIMETER. 


BY GEO. H. BARRUS, BOSTON, MASS. 


(Member of the Society.) 


In a paper submitted at the Boston meeting in November, 1885, 
the writer described an apparatus * for determining the amount of 
moisture in steam, which operated on an entirely different plan from 
any hitherto used. It was pointed out that the new method con- 
sisted in evaporating the moisture held by the steam, and measuring 
its quantity by determining the amount of heat required for that 
purpose, 

At the time of submitting the paper, the new instrument had been 
in use sutticiently long to establish its practicability, and to show 
that it was substantially reliable; but it had been used only in an 
experimental way. During the past year, it has been employed for 
several cases of practical tests of boilers, and it is proposed now to 
give the results of these tests and thus furnish a supplementary 
notice relating to its practical operation. 

To enable the subject to be properly understood, the cut, Fig. 86, 
showing the principal features of the new calorimeter, given in the 

former paper, is here reproduced. 

In all cases thus far tried, the pipe conveying the steam to be 
tested has been a half-inch iron pipe. A long thread is cut on this 
pipe, and it is screwed into the main steam supply pipe of the boiler 
in such a manner as to extend diametrically across to the opposite 
side. The inclosed part is perforated with from 40 to 50 one-eighth 
inch holes, and the open end of the pipe sealed. If the pipe is 
screwed into the under side of the main, the perforations begin at 

a distance of one inch from the bottom. The connection between 
the main and the calorimeter is made as short as possible, and 
covered with hair felting. Where the calorimeter can be attached 
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to the under side of the main, the distance to the stop valve IT (see 


ent) need not exceed six inches. In this position the apparatus is 
steam for the superheater is also supplied by 


selt- porting. The 
+ Steam fo be tested ~~~ 


pipe 
@As,' 


‘Steam for Supereater 


aY-{ 


Gas Lamp 


F. 9 £6 
Steam Calorimeter 
ay 


Height ever ald JE in 
Width overall’ 


a half-inch iron pipe, but this may be attached to the main at any 
convenient point, and no special form of connection is required. 


Case No. 1.—Tests at toe Artincron Minis, Mass. 


Two kinds of boilers were tried; one, termed the “ Hawkins 
horizontal direct tubular boiler, and one, termed the “ Old Boilers.” 
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a set of three horizontal return tubular boilers) The Hawkins 
boiler is 8 ft. in diameter, 20 ft. long, and contains 206 3-inch tubes. 
The area of the heating surface amounts to 3,242 sq. ft. The steam 
pipe is 8 in. in diameter and is provided with straight-way valves. 
It is attached to a point near the front end of the boiler. There is 
no dry pipe or steam dome. The Old Boilers are 60 in. in diameter, 
17 ft. long between heads, and each contains 77 3-inch tubes. The 
collective area of the heating surface amounts to 3,306 sq. feet. The 
steam pipes are 4 inches in diameter leading into a 10-inch main, 
and are provided with globe valves. They are attached to the front 
ends of the shells, and there are no dry pipes or domes. 

The calorimeter was attached, at a distance of 6 inches, to the 
under side of a horizontal pipe which could be connected to either 
boiler, this being a pipe supplying an engine which consumed about 
4,000 Ibs. of steam per hour. When the boilers produced more than 
this quantity, the surplus passed off into an independent pipe. 

The results of the tests of Case No. 1 are given in Tables Nos. 
1 and 


TABLE No. OF TEsTs. 


Case No. 1 


| 


Wuicn Borer. Haw- | OLp BoiLers, Nos. 2, 3, Hawkins. 
KINS. AND 4. 


| 
Date, 1886, ae 13. Apr. 14. Apr. 15. Apr. is iil 30. May 4. May 5. 


-Equivale nt evaporation per hour with 
feed 100° and pressure 70 Ibs... 4,168.1 | 4,240.4 7,106.4 6,860.0 | 6,760.7 6144.3 6,487.1 


KE poe alent evaporation per hour with 
eed 100° and pressure 70 Ibs, per =q. | 
ft. heating surface Ibs. 1.29 1.29 2.15 2.07 2.09 1.89 1.99 


-Horse-power developed according to! | 

A. S. M. E. Standard P. 138.9 141.3 236.9 228.7 225.6 204.8 214.6 
Percentage of moisture in steam 

given by calorimetric test F : 1.02 0.86 0.4 0.49) 0.32 0.49 0.48 
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TABLE No. 2. 
DATA AND RESULTS IN FULL OF CALORIMETER TESTS. 
Case No, 1. 
Amount of 


moisture in the 
wet steam. 


degrees 


eam Was super- 


Which | Gange 


Pres- 
Boilers. 


of 


Number of degrees in- 


Number for reference, 


Expressed in 
degrees of 
superheat. 


Number 


30. Hawkins. | 


6 May 4. see 


Note.—The duration of each of these tests was about ove hour. 


Case No. 2.—Tests ar Cocureco Minis, Dover, N. I. 


Two kinds of boilers were also tried here; one, a set of two 82 
IH. P. Babeock and Wilcox boilers which have a collective area of 
heating surface amounting to 1,886 sq. ft.,and one, a set of two 60- 
in. horizontal return tubular boilers having a collective heating 
surface of 2,100 sq. ft., each containing 80 38-inch tubes. The 
steam is delivered at the back ends of the B. and W. boilers, and 
at the front ends of the tubular boilers, in both cases through 4-inch 
nozzles. 
The calorimeter was attached during the tests numbered from 8 

to 12 to the under side of the 6-inch horizontal main pipe of the 
2B. and W. boilers, and during test No. 15 to the same pipe nearer 
the boilers at a point where it runs in a vertical direction, The 
supply pipe in the first-named position was 6 inches long; in the 
second, 10 feet long. During tests 18 and 14, the calorimeter was 
attached to the vertical nozzle of one of the horizontal tubular 
boilers, and here the same form and length of supply pipe were 
used as in test No. 15. 

The results of these tests are given in Tables Nos. 3 and 4. 
Table No. 5 gives the full record of the observations taken during 
test No. 10. 


* Obtained by dividing the preceding column by 18.6, the number of degrees corresponding t 
1 per cent. of moisture? 


1 Apr. 13. Hawkins. | 80. o. | 4.5 | 8, | 8. | 9.5 1, 1.02 
* 14 Old Boilers. %5. 37. 5.5 9.5 16. 
| S6. 74. | 37. 10.5 | 9.5 10. 0.54 
| 
& 74. 39. | 9.5 9. 
4 ry 
38. | 10.5 8. 9.5 6. 0.32 
=. | 
8. 0.5 0.49 
St. 68. 36.5 6.5 7.5 9.5 8. 0.43 
7 
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=4 TABLE No. 3. 
RESULTS OF TESTS ON THE BABCOCK AND WILCOX BOILERS. 
Case No. 2. 


| 


- dune June June June June 


Equivalent evaporation per hour from 100 | 
at 70 lbs. per sq. ft. of heating surface. Ibs. 2.55 


| 3.67) 3.17 3.25 
Horse-power developed, A. S. M. E. rating. 


I. P. 156.9 1230.5 199.6 204.4 198.5 


Percentage of moisture in the steam as deter- 
mined by the calorimeter 0.49 0.64) 0.58 0.66 0.44 
Nore.—The rate of evaporation on the horizontal tubular boilers was not measured at the 
time of these tests. From data obtained at another time, it is judged that about 2.5 lbs. of water 
were evaporated per sq. ft. of heating surface per hour. 


TABLE No. 5.—Fuiui REcoRD OF OBSERVATIONS, TAKEN DURING TEST 
No. 10. 


Case No, 2. 


‘TEMPERATURES. 


Super- Super- | ¢ 
Gauge Ste 

heated heated tear issu- 


| 
| 
attached ing from 
Time. towet. | | Seam wet steam REMARKS. 
steam tering leaving pipe. 
pipe. jacket. jacket, | 
Thermom- Thermom-) Thermom- | 
eter A. eter B. eterC, 


510. : Wet steam blowing through 
jacket at 7.50. 

821. 

$20.5 Light the superheater lamp 
at 7.53. 

319. 

526. 

327, 


$27. 
325. 
829. 
825. 
824. 
828. 
328. 
327. 


826. 
327. 
328.5 
329.5 
327.5 


a 
a 
| 
7.50 } 66.5 315.5 | 
é | 
30 69. 392. | 
66.5 | 898. | 
67. 412, | 
69. 404. 
9.00 42.5 441. | 9363. 
O74 403. =| 359. 
: 15 71.5 411. | 9864. 
69.5 410. 363. 
73. 406. 361. 
40 73. 410. 362, 
47 72. 409. 363. 
53 69. 407. | 362. 
10.03 73. 401. 359. 
69. 407. 361. 
224 70. 406.5 362. 
35 74. 399. 360. 
45 68.5 406 
7 ‘ 
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TEMPERATURES. 


Gauge Super Super- 

attached heated heated 

Time. to wet steam en- steam 
steam tering leaving 

pipe. jacket. | jacket. 


Steam issu- 

ing from ‘ 
Wet steam REMARKS. 

pipe. 


Thermom- Thermom- Thermom- 


eter A. eter B. eter C, 


Shut off superheater lamp at 
11.41. 


70.6 106.6 327.2. Average of observations from 
8.45—11.40 inel. 

318.0 3 316.0 ‘Indieation of thermometers 
in saturated steam of aver 
age pressure, 


11.2. Number of degrees of super- 
heating. 


Still another set of horizontal return tubular boilers was tried 
at the Trenton Electric Light Co.'s plant. These boilers are 5 
feet in diameter and 15 feet long between heads. The steam 
space is divided horizontally into two compartments by a per- 
torated diaphragm. The steam is supplied to two Westinghouse 
Automatic Engines 12-inch diameter, 11-inch stroke, making 338 
revolutions per minute. The evaporation amounted to about four 
pounds of water per square foot of heating surface per bour. 
The results of the calorimeter tests showed that the steam con- 
tained 0.37 per cent. of moisture. 


No comment is needed for the purposes in view, in regard to 


the nature of the various results obtained. The object is solely to 


s| 


‘ow to the interested student of the subject how the new ealo- 


Miucler operates in the cases of actual practice where it has been 
‘ppied. It is hoped that enough ground is covered by the tests, 


16 


~~ 


| 
i 
| 
10.524 70.5 109. 362. | 328. 
On 67.5 109. 362. 327. 7 
O74 72.0 401. 60, 327. 
15 10.5 105. 359.5 326. 
. 23 75. 105. B62. 330. 
.32 71. | 406 B6L. 328. 
a) 73.5 | 320.5 | 316. | 318. 
12.08 68.5 316. 312. 314 
4 
4 
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to do this in a way which will be understood. In the course of— 


many days’ work which the writer has devoted to its use, he has — 
had an opportunity critically to observe its performance. No de- 


fect has yet appeared. On the contrary, several advantages over — 
the instrument commonly used have come prominently to notice. — 

The manipulation of the apparatus is exceedingly simple. The- 
action is continuous, and nothing but the gas valve requires adjust- 
ment. The readings are confined to the three thermometers and — 
the steam gauge, and the temperatures do not require to be taken 
with that accuracy which characterizes the employment of the 
familiar forms of water calorimeters. . 

The objection which Mr. Babcock raised in the discussion on the 
former paper, that there might be a difference in the size of the 
orifices, does not appear to be a serious one, even if a considerable 
difference should exist. If any doubt arises as to the equality of 
tlie two currents, it can easily be removed by condensing the issu- 
ing steam in two tubs of water, and measuring the rate of dis- 
charge by actual test. Knowing the exact measure of the two 
currents, the effect of an inequality can be allowed for. In the 
ease, for example, of test No. 18, a difference of five per cent. 
would affect the result expressed in degrees of superheat, three 
degrees, and expressed in percentage of moisture, 0.16 per cent. 

The writer is indebted to Mr. Hartshorne, Superintendent of the 
Arlington Mills, Mr. Holland, Agent of the Cocheco Mills, The 
Babcock and Wilcox Co., and Messrs. Westinghouse, Church, Ker 
& Co., for whom the various tests were severally made, for per- 
mission to use the figures here given. 


DISCUSSION. 


Mr. G. H. Babcock.—1 suppose in mechanics, as in agriculture 
and ethics, a tree is to be known by its fruit. It may be well. 
therefore, to apply this test to the instrument which Mr. Darrus 
presented to us last year, and of which he has now given us data 
by which we may judge of its working as compared to other 
calorimeters. It may be difficult, perhaps, to establish an exact 
basis of comparison, as it is evident that in no ease have we any- 
thing more definite by which to judge of the qualities of the steam 
than the indications of the instruments themselves, which may be 
correct and may not. Nevertheless, that instrument which will 
give us the most uniform results under any given circumstances 
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is doubtless to be preferred. The calorimeters heretofore used 
have given very irregular results, and it has only been by the 
averaging of a large number of such tests that anything approxi- 
mating accuracy could be attained. I have plotted a number of 
different calorimeter experiments made by different engineers 


Fig. 87. 


A 


| | 
Z 


SCALE OF TIME 


with different calorimeters, in order to illustrate this point, and as a 
means of judging whether the results obtained by the Barrus 
calorimeter are any more uniform than those by others. In the 
diagram, Fig. 87, the line A shows the results of a test of the 
Galloway boiler at the Centennial Exhibition. The horizontal 
Scale is time, the vertical scale is aaa of steam—one being 
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saturated, more than one, superheated, while less than one denotes | 
percentage of water. The tests were made every twenty minutes, — 
and vary in their indications, very erratically, from 33° moisture 

to 10% superheating. The average of all the experiments ‘ws 
some superheating, although the Galloway boiler has no super- 

heating surface, and it is not possible that any such condition of 
the steam could exist. These extremely variable results are the 
more remarkable because they were obtained from a boiler in 
which the quality of the steam could not vary to any appreciable 
extent, when run as it was at this test. The instruments used 
were a barrel calorimeter with ordinary platform scales and ther- 
mometers graduated to degrees. It is interesting to note the in- 

creased variation toward the close of the test, when the experi- 

menters were somewhat fatigued. 

Line / (dotted) is plotted from a series of tests made on a 
Babeock & Wileox boiler by Mr. Chas. L. Clarke, a member of 
this society, with a barrel calorimeter, the scale and thermometers 
being very closely graduated, to avoid, as far as possible, irregular 
results, This also shows a small average superheating, although 
there was no superheating surface in the boiler. 

Lines Cand J are plotted from experiments made by our late 
member, J.C. Hoadley, with his calorimeter which is described 
in the Transactions of this society, Vol. VI., page 715. These 
results, it will be seen, are nearer uniform than those from the 
barrel calorimeter, and it is probable that they err in an opposite 
direction by showing too great a proportionate mvisture. The 
heavier Tine / is plotted from the experiments given in Mr. 
Barrus’ paper, just read, and shows a very close approximation 
to uniform results—-perhaps as nearly so as it would be possible 
to attain with any apparatus for this purpose. This instrument 
giving average results for the time of the test, varying from three 
quarters of an hour to three and one-half hours, the line is drawn 
horizontal for the time of each test, and represents the average 
for that time. Judged by the standard of uniformity of results, 
therefore, the calorimeter of Mr. Barrus is a decided advance as 
an instrument of precision, but whether its records are above or 
below the actual facts in the ease will depend very mueh upon 
circumstances, and is a difficult question to determine. The 
liability to error is, I think, much less than in other instruments 


for the same purpose. 
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COXXXVIL. 
XXXVII 


LISTING ALUMINIUM BRONZE AND OTHER STRONG 


oe METALS. 
, 


BY THOMAS D. WEST, CLEVELAND, 0,— 
(Member of the Society.) 
Tur ability to cast in molds a material which possesses strength 
equal to the best forgings of wrought iron and steel is au achieve- 
ment which mechanical engineers may well be interested in. 
While it is true that the strongest metals are susceptible of being 
cast, yet there are peculiarities about them which cause greater 
iaconvenience and expense in the effort to procure good, solid, 
clean castings than occur with cast iron, These come mainly 
from the difficulties in overcoming the evils due to vaidalion, shrink- 
cage, and contraction. These elements, of course, exist in the found- 
ing of east iron; but the degree to which they make labor and 
trouble is very slight as compared with stronger metals. The 
list of these latter is now enlarged by that comparatively new 
metal “aluminium bronze,” and the experience of the writer is 
here to be cited in his endeavors to establish principles and 
methods for its suecessful molding and casting in the foundry 
of the firm manufacturing this bronze and other alloys of alumin- 
ium, at Lockport, N.Y. It is hoped, also, that ideas may be 
presented which may, in many cases, prove of value for the 
making of castings from other metals. 
The difficulties which beset the casting of aluminium bronze are, 
‘in some respects, similar to those which were encountered in per- 
fecting methods for casting steel. There is much small work which 
can be successfully cast by methods used in the ordinary molding 
of cast iron; but in peculiarly proportioned and in large bronze 
castings other means and extra display of skill and judgment will 
be generally required. In strong metals there appears to be a “ red 
shortness,” or degree of temperature, after it becomes solidified, at 
Which it may be torn apart if it meets a very little resistance to 
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its contraction, and the separation may be such as cannot be 
detected by the eye, but will be made known only when pressure 
is put upon the casting. To overcome this evil and to make allow- 
ances for sufficient freedom in contraction, much judgment will 
often be required, and different modes must be adopted to suit 
varying conditions. One factor often met with is that of the 
incompressibility of cores or parts forming the interior portion 
of castings; while another is the resistance which flanges, ete., 
upon an exterior surface, Oppose to free <lom of contraction of the 
mass. An illustrative case, which the writer had to deal with in’ 
the foundry referred to above, was the casting of some blast-fur- 
nace tuyeres, the dimensions of which were about twelve inches: 
diameter at the small end, and fourteen inches diameter at the large, 
and seventeen inches long. Tlrese tuyeres were made hollow for 
the passage of water to keep them cool when the furnace was in- 
blast. The core to form this hollow space was one which foundry 
men would term a “mean core” to make and to use, and the 
stronger it could be made by means of the mixture of the sand 
the easier would it be to make and to handle. But it was proved 
at the hydraulic testing of the first casting that these conditions: 
were the worst for causing leakage. It was found that in order 
to procure a casting which would not leak, the core must be “ rot-_ 
ten” and of a yielding character. This was obtained by using 
rosin in coarse sand and filling the core as full of cinders and 
large vent-holes as possible, and by not using any core-rods or 
irons. The rosin would cause the core, when heated, to become 
soft, and would make it very nearly as compressible as a “ gree ne 
sand” core, when the pressure of the contraction of the metal oad 
come upon it. It might be well to state that the size of this core 
was such as would leave one inch thickness at each end, and one- 
quarter inch at the inner and outer sides of the casting, and was 
all surrounded with metal, excepting four one-inch round openings 
through which the core delivered its vent or gas. By means of 


dried rosin or green-sand cores we were able to meet almost any 
difficulties which might arise in ordinary work from the evils of 


contraction, so far as cores were concerned. For large cylinders 
or castings which might require large round cores which could be 
“swept,” a hay-rope wound around a core barrel would often 
prove an excellent yielding backing, and allow freedom for con- 
traction sufficient to insure no rents or invisible strain in the body 
of the casting. To provide means for freedom in the contraction 
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of exterior portions of castings which may be supposed to offer vesist- 
ance sufficient to cause an injury, different methods will have to 
be employed in almost every new form of such patterns. It may 
be that conditions will permit the mold to be of a sufficient yield- 
ing character, and again it may be necessary to dig away portions 
of the mold, or loosen bolts, ete., as soon as the liquid metal is 
thought to have solidified. In any metal there may be invisible 
rents or strains left in a casting through tension when cooling 
sufficient to make it fragile or to crack of its own accord, and it is 
an element which from its very deceptive nature should command 
the closest attention of all interested in the construction of 
castings. 

Like contraction, the element of shrinkage is one often found 
seriously to impede the attaining of perfect castings from strong 
metals. In steel castings much labor has to be expended in pro- 
viding risers sufficient to “feed solid” or prevent * draw-holes”’ 
from being formed, and in casting aluminium bronze a simi- 
lar necessity is found. The only way to insure against the 
evils of shrinkage in this metal with work requiring “ risers ” 
or “feeding heads” is to have the “visers” larger than the 
hody or part of the casting which they are intended to “ feed,” 
The “feeder” or “riser” being the largest body, it will, 
of course, remain fluid longer than the casting, and, as in 
east iron, that part which solidities first will draw from 
the nearest uppermost fluid body, and thus leave holes in 
the part which remains longest fluid. The above principle 
will be seen to be effective in obtaining the end sought. It 
is to be remembered that it is not practical to “churn” this 
bronze, as is done with cast iron. A long cast-iron roll, one foot 
in diameter, can, by means of a “ feeder” tive inches in diameter 
and a half-inch wrought-iron red, be made perfectly sound for its 
fulllength. To east such solid in bronze, the feeding head should 

he at least as large as the diameter of the roll, and in Jength about 
one-quarter longer than the length of roll desired. The extra 
length would contain the shrinkage hole, and when cut off, a solid 
_ casting would be left. This is a plan often practiced in the mak- 
ing of guns, ete., in east iron, and is done partly to insure against 
the inability of many molders to “feed” solid, and to save that 
labor. There is nothing in the way to prevent making large guns 
of aluminium bronze as solid as those procured of cast iron. It 
is simply a question of having a good “riser” or “ feeding head,” 
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and such guns would surpass in strength any other metal now 
used for their manufacture. 

A method which the writer found to work well in assisting to — 
avoid shrinkage in ordinary castings in aluminium bronze was to 
* gate * a mold so that it could be jilled or poured Us quickly as 
possible, and to have the metal us dull as it would flow, to warrant 
a full run clean casting. By this plan very disproportionate cast- 
ings were made without “ feeders” on the heavier parts, and upon 
which “draw” or shrinkage holes would surely have appeared, 
had the metal been poured “ hot.” 


The plan or principle adopted in pouring this bronze is similar 
to that employed for casting steel, which, as is well known, con- 


sists in pouring through a spout controlled by a valve, which lets 
the metal flow from the bottom of a ladle instead of the top o 
lip, as practiced in pouring east iron. The exact plan which he 
writer used for castings weighing over fifty pounds was to make the 
pouring basin sufficiently large to contain all the metal wormed 
to fill the mold, and give any surplus which might be required for 
flow off,” or to fill up “feeding heads,” ete., and so prevent 
any metal from flowing into the mold until it was all in the pour- 
ing basin. The entrance of the gate would be stopped by means 
of an iroy plug, and the moment all was ready, it would be pulled, 
and the metal would almost instantly fill the mold, so large 
would its gates be made. By such a plan it will of course be 
readily seen that there was no danger of any air, “scum” or 
oxide entering the mold through the “pouring gates,” an 
element which would seriously mar the appearance of a 
casting. Besides the difficulties from difference in the color 
which resembles gold, such oxide would be very liable to cause 
a disunion of the particles of the body, or make an unaeccept- 
able surface when the casting was finished up. The metal 
itself is one that works well in our ordinary molding sands, and 
peels” extra well. As a gener: al thing, disproportional castings 
weighing over one hundred pounds are best made in “ dry 
instead of “ green” sand molds, as such will permit of cleaner 
work and a duller pouring of the metal, for in this method there 
is not that dampness which is given off from green sand mold, 
and which is so liable to cause “cold shuts.” When the position 
of casting work will permit, many forms which are propor- 
tionate in thickness can be well made in green sand by coating 
the surface of the molds and gates with silver lead or plumbago. 
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Information upon manufacturing, strength and melting of alumin- 
ium bronze can be found in an article from the writer published 
elsewhere.* 

From “blow holes,’ which are another characteristic element 
likely to exist in strong metals, it can be said that aluminium 
bronze is free. Should any exist, it is the fault of the molder or 
his mold, as the metal itself runs in ¢ven iolds as sound and 
close as gold. Sand molds, to procure good work, must be wel// 
vented, and if of “ dry sand,” thoroughly open sand mixture should 
be used and well dri d. The sand for “ green sand ” work is best 
fine, similar to what will work well for brass castings. For “dry 
sand” work, the mixture should be as open in nature as possible, 

*and for blacking the mold, use the same mixtures as are found 
to work well with cast iron. 

The different problems of making strong metal castings all pre- 
sent peculiarities which call for special treatment in the manner 
of molding, ete., but, as said in the beginning of this paper, the 
difficulties to be overcome mainly hinge more or less upon one 
or other of the three elements, or/dation, shrinkage, or comtraction, 
These are being controlled better every day, and progress being 
made by which almost any kind of casting will be procured as 


readily as of cast iron. With aluminium bronze, * Mitis,” and 
steel castings to be had, the engineer should not want for strong 
metals to meet almost any conditions which he may desire. 


DISCUSSION. 


— Mr. W. OB. De Von.—Speaking of molding, I would like to eall 
the attention of the Society, especially of those members who 
visited the Watts ( ‘ampbell Company yesterday, to that old cylinder 
Which was cast in England, 1753. This casting made in 1753 is 
more perfect than the majority of those which we now make in our 
foundries to-day. Tt seems to me that engineers should blush to 
think that in one hundred and thirty years we have made but 
little improvement in the foundry business. I calipered the 
cylinder with a stick, and found very few imperfections in it at 
all, although it bad never been bored. This cylinder had been 
in use as a steam engine for twenty odd years. It was made 

by Thomas Neweomen, iron-monger, Dartmouth, England. 
Vr. ZT. R. Morgan, Sr.—I do not quite agree with Mr. Le Van. 


*In the American Machinist, Oct. 26, 1886. 
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I have seen some castings, just as he says, made some forty years 
ago, which were excellent ; but to say that we have not made ad- 
vances in the molding art, I believe is a mistake. j : 

Castings of a much more complicated kind are made all over 
the world to-day, to meet modern wants, than were required then ; 
to-day, castings of a complicated kind are made in one piece, which 
would have been made in a number of pieces then, to simplify the 
molding; hence, the general run of molders of to-day have to 
be men superior to those of the past, althongh, no doubt, owing 
to the lack of facilities in the past, it was the fact that in exeep- 
tional cases there were molders who did turn out work then 
which would be highly creditable to the best of men to-day ; but 
such were exceptions, and not the rule. - 

There are now problems and practice for the molder of to-day, 
which he has had to work out, which were not required in the 
past ; and, in addition, they are now of a far more difficult charac- 
ter than then, when they had to make molds for cast iron only. 
I refer to the demand for molds for steel castings, steel shrinking 
two to one of east iron, and the molds for steel having to be made 
dry and hard, while the molds for east iron are made of green 
sand. These new features and material present new problems to 
the molder in the making of the complicated castings which are 
now in demand, and the future will tax his knowledge and judg- 
ment as never before. The higher temperature of molten steel, its 
quicker cooling and greater shrinking qualities in comparison with | 
east iron, demand that the suecessful molder of to-day should | 
be a better man than the molder of the past, to do similar work 
in molds for cast iron. There are many complicated castings 
that are easily made in east iron, which would be very difficult 
to make of steel, but will be successfully met, T have no doubt, 
as facilities and demands increase for such. To do justice to 
molds for steel castings, owing to their quick cooling and great 
shrinking qualities, it is necessary that the molds in certain 
places should give way in the proper time, under the proper pres- 
sure, to prevent undue straining of the casting while in the molten 
condition. 

It must be evident that to meet such demands successfully each 
complicated steel casting must become a problem calling for the 
best reasoning and calculating faculties, and much more so than 
a similar cast iron casting, whose cooling and shrinking qualities 
are much less than those of steel; hence the molder of to-day 


| 
| 


| | 


j CASTING ALUMINIUM BRONZE AND OTHER STRONG METALS. 251 


requires additional care and knowledge to succeed in making steel 
castings of the same kind as those of cast iron. , 

Mr. Oberlin Smith—I would like to ask Mr. West to state his 
experience, in making these castings, as to the question of blow- 
holes—what methods he took to avoid blow-holes-—how numerous 
they were in spite of his best efforts, if there were any. 

Mi. W. I. Weightman.—t should like to ask Mr. West the 
comparative cost of this aluminium bronze. It is a matter of in- 
terest to me, and I would like to know. 

Mr. JM. Dody .—I would like to speak ina general way about 
the subject of molding and casting. The physical characteristies 
of the metals now in practical use are not thoroughly understood. 
I find, when I go to inquire of parties about the use of metals, that 
a tensile strength, for instance, of 100,000 pounds may mean that 
you eannot bend the casting at all; and malleable iron, which J 
have had a good deal of experience with, is better than wrought 
iron in this one regard, that before it bends, it will exceed the 
limit of wrought iron, and after it bends to a great extent, it is use- 
less, and it might just as well break. There is no machinery I 
know of (not excepting the American agricultural machinery, which 
is undoubtedly the finest machinery in the world, considering that 
it goes into the hands of mechanically ignorant men and does 
wonderful things) in which the bending of a piece is not practically 
its destruction. The principal question T would like to ask about 
this bronze is, Hew strong is it and how much can you bend it? 
How much good is it practically, not on a testing machine, 
but will it stand 80,000 pounds and bend at 30 degrees or more? 
A three years’ test of malleable iron showed it to average 
better than 44,000 pounds to the square inch, tensile strength. 
Furthermore, we had tests running for three years—we made six 
tests from three furnaces each day—and on only two occasions did 
we ever find a blow-hole in our test pieces. Furthermore, during 
all that time, we never found it was necessary to destroy a piece 
to tell whether it was good or not. Malleable cast iron, well 
made, has characteristics which merit the careful attention of the 
engineer, It is looked upon as a substitute for wrought iron, but 
hot quite as good. It is practically better than merchant bar 


Mr, Oberlin Smith._If Mr. Dodge means to say that the mal- 
leable iron which we get in the market is as good as wrought iron 
In general, I do not agree with him. Perhaps he does not mean 
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to state it ag strongly as that. I have found that steel castings are 
better than malleable iron. They cost about the same, and take 
about as long to get. {Laughter and applause.| The great 
trouble with both of them (and I don’t know but that we should 
use a stronger adjective than great) is the outrageously long time 
you have to wait. You take an order for doing a thing in a hurry, 
and want your castings. The makers will say that they take three 
or four days to anneal. You say to them, “ Why can’t you mold 
this thing to-day or to-morrow, and have it annealed, and give it 
to me in a week or ten days? Finally they acknowledge that 
they can do it in two weeks, but keep me waiting four. It is all 
an abominable nuisance, and we want a substitute for these east- 
ings which can be made as quickly as forgings. 

There is another new material mentioned near the close of Mr. 
West's paper in which T feel considerable interest. I refer to 
“ Mitis” castings. This looks to me like the coming metal. The 
accounts of it seemed so favorable that I went to Worcester to in- 
vestigate it some months ago.. I saw them make the molds, start 
the fire, bring it up to melting point, and melt and pour the 
metal; and they weren't long about it, either. Then I took some 
pieces into the blacksmith shop and forged them myself. It is, 
as near as [ can judge, pure wrought iron of the best quality——that 
is, When you make it so. I felt so much pleased with it that I 
ordered a lot of rings for a certain purpose, to take the place of 
forgings, knowing they would come much cheaper than forgings 
on account of their shape. I was very much disappointed to find 
numerous blow-holes in these castings. I made an allowance for 
the new state of the art, and, accepting the fact that it was but in 
an experimental stage, did not lose my faith. Tam assured now 
that the measures being taken for improving this process will get 
rid of the blow-hole trouble to a great degree. IT would like to 
ask Mr. West to tell us what experience he has had with this 
metal, and what he thinks are the special causes for so many 
blow-holes in it. We would naturally expect fewer holes than in 
other metals made from iron, because it is so very fluid when it is 
poured. And will he tell us whether he sees any practical diffi- 
culty in reducing the evil to almost nothing by proper methods of 
molding, ete. If that trouble can be gotten rid of, I am inclined 
to believe it will be the coming metal, to take the place of wrouglit- 
iron forgings. 


Mr, Dodge,-About malleable iron being stronger than wroug!it 
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iron, I would say that our English manufacturer manufactures 
chain for England and the Continent. He takes our patterns, and 
duplicates them in wrought iron. In every case of testing, the 
malleable iron began to straighten the wrought iron out. English- 
men will pay for wrought iron drive chain, and Americans won't. 
If a chain here stretches, it is thrown away. If it stretches in 
England, it is sent back to be reset. Take malleable and wrought 
iron of equal size exactly, and the malleable iron will stretch the 
wrought iron a little before yielding itself. 

Mr, Smith.—Can you reset wrought iron? 

Mr, Dodge.—Xes, if it is sent to us. Here they let it wear right 
out, and throw it away. Both east and wrought iron can be reset, 
in spite of the fact that prices have been cut so that some con- 
cerns slight their work ; but two or three concerns in this country 
make malleable iron of which they need not be ashamed. 

Mr. Smith.—\ understood you to say that malleable iron is 
stronger than wrought iron. How is that—it can be stretched 
and still be good, and then set back to its original piteh ? 

Mr. Dodge.--Well, it will do it. I never was inside of it to see 
how. | Laughter. 

Mr. the subject of shrinkage in molds when 
used for these strong metals, there is one thing which I have not 
seen mentioned. That is, to put into a mold certain pieces of 
solid matter (metal, for instance) which can be withdrawn about 
the time when the casting is becoming solid, so that the shrinking 
can take place freely, and crush: the mold. I have employed 
something nearly like that in using complicated chills. I make 
the chills in several parts, and then put a stratum of sand between 
the parts, sufficiently porous to be crushed by the casting. I have 
made very nice articles of chilled work in this way. 


Mr. West-In answer to the gentleman who spoke with re- 


gard to that old cylinder which was so true, there is a point 
there which it might be well to speak upon a little further. It 
isa fact which is not appreciated, that to get a fruc, /arge cast- 
ing of anything cylindrical, it is best to be “swept”—-the plan, 


no doubt, by which the above eylinder was molded. In east- 
ing large fly-wheels, pulleys, ete., foundries have generally to go 
to work and make “full” wooden patterns; and when they are 
molded, and the castings are tried, they are found to be in all 
sorts of shapes. The blame is put on the molder, and in such 
‘uses he is generally unjustly censured. There is no process 
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which can be employed for obtaining ¢rve molded cylindrical 
castings better than that of “ sweeping ;” for if a moment’s thought 
was given to realize how easily wood can become distorted from 
the effects of dampness and heat, it would readily be seen why it 
is impracticable to expect ‘rue molded castings for such work 
as large fly-wheels, pulleys, etc., from * full” wooden patterns. 

Most of the members here will recollect that at the Chicago 
meeting last spring we saw eight blowing engines, which stood in 
a row at the South Chicago blast-furnaces. You might stand on 
the end, aud as you sighted along the line of those fly-wheels, you 
would say that they were turned, for they run so true that you 
cannot see any perceptible “out” on any of them. Now, those 
wheels were made in the foundry of which I am the foreman, and 
we made them by “sweeping” the rim, using a pattern for form- 
ing the arms and hub only. On account of the wheels being 
about sixteen feet in diameter, and weighing over fifteen tons 
each, they were cast in halves, for convenience in shipping. The 
centers of them are merely planed off so as to make them come 
together true at the joint, and when they are put together, they 
run as true as those observed in Chicago. 

With reference to the cylinder which Mr. Le Van mentioned, | 
do not see anything remarkable in that. It merely involves the 
principle of sweeping to the circle. 

I don’t know that I could touch on the other question of blow- 
holes in a better way than by relating my experience with the 
Cowles Company in casting aluminium bronze. Several attempts 
were made at a cylinder casting of this metal by different foundry 
men, and in all cases the results were condemned on account of 
the blow-holes in the castings. In fact, the firm was commencing 
to believe that their metal could not be got solid in large castings. 
They came to the Cuyahoga Works, and asked that the casting 
might be tried in the shop of which I am foreman. We did not 
have facilities there for melting the metal, but we made a mold 
and carted it over a stone pavement for about a quarter of 
a mile to a brass shop where we could melt the metal. It 
was poured, and the casting turned up as sound as need be.” 
The cylinder measured 24" long, 14” diameter on the inside, ani 
16” diameter on the outside. All that I had to guide me in my 


* This casting was a duplicate of the one exhibited at the meeting of the So- 
ciety, which was one molded by my own hands in the foundry of the Cowl«s 
Electric Smelting and Aluminium Co., Lockport, N. Y. 
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first attempt to cast this metal was the position of “ blow-holes”’ 
in castings shown to me, which had been previously made, and 


my own confidence that the metal could be poured into an iron 
mold, and become solid. When I saw that, then I felt sure that 
the trouble was not in the metal itself, but was in some way con- 
nected with the mold or the man that made it, and all there is 
required to obtain sound castings is what I have stated in my 
paper —condensed, it was simply to get the mold made porous 
and firm, and to fill it as quick as possible and to pour 
through what we would call a “secondary basin or pot.” This 
will be an item which may escape the attention of a great many. 
When you pour a stream of metal into a gate which is smaller 
than the hole, its friction must necessarily carry through some air 
with it. That air goes down and mingles more or less with the 
metal in the mold, and if the metal does not stay hot long 
enough to allow the air to escape, it imprisons the air there, and 
then gives us holes. This theory for the cause of some “blow- 
holes” in castings, I have never heard or seen advanced, and it 
will no doubt meet with some opposition, but nevertheless I be- 
lieve such action can be proved to be the cause of many “ blow- 
holes’ in castings, especially those of strong metal. 

In making these castings, I adopted the plan of making all con- 
nections with the pouring basin air-tight, and using the plug 
principle in filling the basin with metal, and letting it stay there 
long enough so that all dirt which might be there would float to 
the top, und as soon as I was assured of this fact, and I saw that 
the metal was about of the right temperature, then the plug would 
be pulled, and the metal would go down, and instantly fill the 
mold. Such work as that is, of course, pretty rough on a mold; 
but with that mode of working and manner of molding deseribed 
in the paper, I got over the difficulties of blow-holes in this metal, 
and I think that the difficulties which Mr. Smith mentioned with 
“ Mitis” metal, could partially, if not wholly, be overcome by the 
adoption of the principles set forth by my paper. 

With reference to Mr. Morgan’s remarks on steel, all I can say 
is, that I do not know that I can suggest anything in that line 
other than the ideas which the paper and this discussion will 
present. The main idea to which I would call attention is that 
of providing air-tight pouring gates, so as to prevent the flowing 
metal from carrying air into the mold to mingle with the metal. 
I never had any experience directly with any other of the strong 
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metals. My experience with this has been very pleasant, and led 
me to believe that there was this one element in all strong metals 


alike—the tendency to blow-holes, 

Bronze is made in different grades. The more aluminium which 
is alloyed with the copper up to eleven per cent., the stronger 
the metal becomes. Over eleven per cent. it becomes brittle ; andl 
it is said to become more brittle up to twenty-five per cent., and 
after that to increase again in strength. That I have never seen 


per cent. in one inch. The strongest metal that L ever saw pro- 
duced there had a tensile strength of 126,000 pounds per square | 
inch. 


tested, but it is said to be the ease. One of the samples here ex- 
hibited is marked 49.30, which means that it stood a tensile strain 
of 49,000 pounds to the square inch with an elongation of thirty 


Mr, A. H. Emery —Was it forged in any way, or is it simply as 
it was cast? 

Mr. West.—Just as it was cast—taken from the mold. In a 
making these bars, they thought to save labor by casting in an 
iron mold; but those little projections where the section is re- 
duced would show weakness when it was put in the machine ; 
so they finally learned that it had to be made in sand—some- 
thing of a yielding character, which would allow the metal to 
give. Another sample, marked 100,000 pounds, has about ten and 
a half per cent. of aluminium. Here is a piece of the metal as it 
comes from the electrical furnace. You will see that it changes 
its color when being re-melted. That piece has probably in it 
about sixteen per cent. of aluminium, and is what they would call 
very rich metal. Itis then standardized; which means that it is 
put in an ordinary crucible such as they use for melting brass, and 
by re-melting itis brought down to any standard which they want. 

Mr, Oberlin Smith —Will Mr. West tell us whether that metal 
can be soldered or welded ? 

Mr. West.—-I have had no experience in that matter, and can- 
not say. 

With regard to this 100,000 pound metal, if they obtain four 
per cent. of elongation in its test, it is remarkable. Metal as 
strong as that is, as a general thing, has but from one to two 
per cent. of elongation—it contains but two and one-half per cent. 
of aluminium. ‘They say that a screw made of aluminium is equil 
to the best steel serew made, and will drive into the hardest kind 
of wood without distorting. ei 
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Some gentleman has asked me how about aluminium bronze 
for bearings. All I can say about that is that I do not know, 
having had no experience with the metal for this purpose, but I 
think that, if the conditions were carefully studied, some one 
grade of the metal could be selected which would be found to give 
excellent satisfaction. There is quite a series to select from. 

Mr. Morgan.—At what price can aluminium bronze be made ? 

Mr. West.—This metal with the more aluminium is, of course, 
dearer metal. Their special metal, having a tensile strength of 
from 100,000 to 110,000 pounds, will probably sell for about fifty 
cents a pound in the casting. What they call their C metal, that is, 
metal that will stand a tensile strength of about 60,000 pounds, 
will sell for about thirty-five cents. It goes down to metal which 
has pretty much the color of copper itself. This sample is 
marked 28,000, nineteen elongation, and has a percentage of two 
andahalfaluminium 
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OCXXXVIIL 
INTRINSIC VALUE 


BY OBERLIN SMITH, BRIDGETON, N. J. 


(Member of the Society.) 


In a paper read before this Society last May, entitled “ Inventory 
Valuation of Machinery Plant,’ * the writer referred to “special 
tools” as the most difficult things things to deal with in all inven- 
tory-taking. This is on account of their peculiar liability to 
become obsolete, or partly so, over and above all other kinds of 
manufacturing property. Assuming that we are here dealing with 
such tools as are used in the various branches of manufacture witli 
which the mechanical engineer comes in contact, we may briefly 
define the term “special tool” as a tool which is individually 
adapted for performing some particular operation so well that it is 
unfit for general work—in other words, it is a specialist. Used in 
its general sense, the term in question covers both special machines 
and special tools, if such a distinction can be made. In the former 
category are many machines which can be profitably moditied, in 
case the commercial demand ceases for the goods upon which they 
are specially made to operate, so as to use them for other purposes. 
Among such machines are special lathes, drill presses, milling ma- 
chines, punching presses, etc., which retain enough of the general 
character of the type of machine after which they are named, to 
enable them to be altered over for other kinds of work, either 
general or special. An example of this has been seen in the case 
of gun-factories adapting such plant to the production of sewing- 
machines or type writers, at comparatively small expense, when 
the demand for fire-arms lessened. 

Among special tools proper, are usually counted jigs, templets, 
and gauges. To this list should be added working drawings and 
foundry patterns, as explained in the paper referred to. These 
drawings and patterns, though used in every machine-shop, are 


essentially of exactly the same nature as are the jigs, etc., used in 


* Trans. A. S. M. E., Vol. p. 433, 
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the large manufactories, where work is so cheaply made on the 
“duplicate system.” The general principles for the valuation of 
such tools are clearly laid down by the writer in the former paper, 
and are to the effect that each article should be rated at what it 
would cost to reproduce it to-day, less a depreciation for its wear- 
-and-tear, and another depreciation for its percentage of obsolete- 
ness. As stated, the wear-and-tear does not amount to much on 
this class of tools, because they are not ornamented for marketable 
‘purposes (so that they grow shabby with age); and because they 
have to be kept up to their original standard of working condition 
in order that they may do their work properly. The only ques- 
tion, therefore, necessary to consider in this paper, is their amount 
of obsoleteness; and this is a very important consideration to the 
manufacturer having a large amount of money invested in such 
plant, when he is considering its intrinsic value. 

Concerning this subject, there are two principal schools of belief, 
with a practice, in individual cases, ranging all the way between the 
extreme views held on either side. The first of these views is the 

one expressed in the former paper, namely, that a special tool 
should not be reckoned as partly obsolete while in the full career 


of its usefulness, but that very careful watch should be kept for any 
indications of a lessening demand for the merchandise which the 


tool is made to produce. The moment such indications appear, 
-depreeiations should commence and should be made rapid enough 
to be surely on the safe side, and to bring the value of the tool 
down to nothing but what it is worth for old material, before said 
marketable demand has entirely ceased. Of course, good judg- 
ment is as necessary in this matter as in managing all other kinds 
of property. A catastrophe, causing a demand for goods wholly 
and suddenly to cease, although possible, is not likely to happen. 
If such does happen; for instance, by earthquakes occurring ali 
over a eountry hitherto unaffected by seismic disturbances, and 
suddenly annihilating the demand for some article which the tool- 
owner manufactured for non-earthquake-proof buildings, but which 
is useless for the modified buildings replacing them; or when 
some original and brilliant invention makes a new article suddenly 
popular, and entirely throws out all its predecessors; or wlien some 
fashion in dress is rapidly changed by the verdict of a foreign fash- 
ion-monger, as was shown in the decadence of hoop-skirts some 
years ago. It is very rarely however, that such occurrences amount 
to catastrophes. In such instances as the last two named, the 
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change is not so sudden as to prevent a shrewd manufacturer from 
foreseeing the prospective state of things, and ceasing his produc- 
tion gradually. Of course, if his whole capital is invested in tools 
for one particular article, catastrophes or semi-catastrophes may 
occur regarding it, just as in the case of the merchant who has put 
all his property into the cargo of one wrecked ship, or into a mine 
where a promising vein of ore stops at a sudden fault. Such risks 
must be taken in all businesses, and can only be guarded against by 
a proper system of insurance. The wise course in this, as in the 
other cases mentioned, is to divide up one’s investments in such a 
way as to run the risk of loss in only one direction at a time. 

The opposite view regarding valuation of special tools, and one 
which is held by many shrewd and careful manufacturers, is that 
they should be depreciated by a large percentage every year, until 
their value stands xi upon the inventory. One popular belief is 
that a special tool hasn’t any value at all until it has paid for itself 
in extra profits. Carrying this latter principle to a logical econclu- 
sion, it should be rated first at nothing, and gradually appreciates 
up to full price. All this is, of course, working upon the safe side, 
us regards the danger of over-valuation, but it is difficult to see how 
a corporation, for instance, could account to its stockholders for the 
money which they paid in, if all the plant happened to be of this | 
special nature. An inventory upon such a basis would also be 
rather an awkward document to show to would-be purchasers of 


the business who were to be assured of its prosperity. 7 


An esteemed friend of mine, who has been a very successful 


manutacturer of cotton machinery, is in the habit of depreciating 
many of his special tools to almost nothing upon his books, fearing 
they may pass out of use and cannot be made available for other 
purposes. I recently called his attention to the logical discrepan- 
cies in such a method, putting the case something like this: “ Re- 
garding valuation of special tools, I rate them at the bare cost of — 
reproduction, and this only when they are in frequent and regular — 
use. The moment such frequency lessens, or there is any doubt 
about their continued usefulness, they are heavily depreciated. 
Thus, at any time, all the plant of a shop is worth fully its recorded 
value, to any purchaser who might buy out and run the business, 
providing the business is successful. Of course, if it is unsuccessful, 
and is to be sold at auction, it, or any other kind of business, could 
not realize cash for its assets to an amount anywhere approaching 
their valuation. If your principle were carried out, a mile of rail- 
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worth as much as the real estate upon which it stood, because some- 
body might want to buy it for a canal, and the grading would all 
have to be turned inside out, so to speak. A successful mine would 
not be worth nearly its cost, because it might be sold to be used 
for farming land; and any machine-shop might attach but little 
value to any of its plant, except perhaps the buildings, boiler and 


=~) 


engine, because somebody might want to buy it fora laundry. 


According to your system, would it not be the case, that a new 
manufacturing company, having just invested a large part of its 
capital in the most approved plant for its purposes, would be 
obliged to say to its stockholders: ‘Gentlemen, our assets last 
week when you paid in your money, were $100,000, but they are 
now only $50,000, as much of this plant could not be sold for other 
purposes than those intended by its makers, for nearly the sum 
which we yesterday paid.” ‘ 

The most pertinent point in his reply was, that mining property 
is always considered as incurring extra risk, and is expected to pay 
a much higher profit (say four to one) than other property, in order 
that said risk may be covered. This is true, but if the same prin- 

ciple is applied to special tools, and their intrinsic value is consid-— 
ered to be only, say, one-fourth of what it would cost to reproduce 
them, then occurs the insurmountable difficulty above referred to: 
ILow shall the managers of a property account to its owners for the 

full amount of the funds placed in their hands, the day or week 

after having purchased their tools, if a considerable share of such 
purchase has been depreciated 75 per cent. when first entered in 
the books? If the plan is adopted of entering them at full price 
in the beginning, and then depreciating them very rapidly, although 
in as full, or fuller, use than at first, what becomes of logic and 
common sense? If a tool is in perfect order five years after it is 
put into operation, and is used even more frequently than it was at 
lirst, in making goods the demand for which has increased, without | 
an apparent probability of a decline, why is that tool not worth as — 
much to its owners as it was at the start? 

In practical dealings with this question, it seems to me that the — 
best course is to give all special tools an inventory rating at their | 
apparent value, according to the principles enunciated in the former 

paper and the first part of this, and then to lay aside a portion of | 
the extra profits which these tools have earned by their special use- 
fulness, in the general reserve fund or “surplus” of the concern. — 
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They may thus be drawn upon, should any too sudden collapse in 


values takes place. This surplus-keeping is a safe course (just as it 
is in the general conducting of the business in reference to strictly 
commercial risks), and a wiser one than to pay out all the profits 
leteness gather rather suddenly and darkly over the special prop- 


ing them in a disappointed state of mind, should a shadow of obso- 


which these tools earn to the partners or stockholders—thus leav- 
erty in which their money is invested. Just how far to carry sur- 
plus-keeping in general, as a matter of self-insurance against all 
kinds of losses, is a question for individual judgment, the discussion 


of which is scarcely germane to the purpose of this paper. 


DISCUSSION. 


Mr. Henry 2. Towne.—The subject of this paper is one which 
interests nearly every one who is engaged in the conduct of pro- 
ducing works, and can surely be profitably discussed by a number 
who are present. 


It is a subject to which I have given a good deal of thought. | 


The method contemplated by Mr. Smith of a catalogue inventory, 
_and an appraisement of each special tool, involves a great deal of 
labor in a business using many such tools, and almost any busi- 
ness largely consisting of the production of specialties involves so 
many special tools, many of them quite small and of proportion- 
ately small value, as to make it really a very great labor to go | 
over them one by one annually and say what they are worth. Io 
tried that plan myself for a number of years, and finally discarded 
it as involving entirely too much cost in proportion to the benetit 
received. The discarding of that method raises the question as _ 
to how else it can be done. With some special classes of tools it 
ean be done, approximately and with fair accuracy, by weighing © 
them—taking the tools by weight. In that case, of course, the 
tools must be graded somewhat according to their kind, that is, 
according to the original amount of labor expended on the mate- 
rial to convert it into the tools; but a few classes will usually 
cover all of this kind of tools which can be treated in that way. — 
But where the number or variety of tools is too great to admit of 
that treatment, I think that the best result with the least expen- 
diture can be reached by simply keeping a ledger account witl 
each class of tool, and at the end of a year considering how much 
shall be abated from that account fer deterioration. For special 
tools, strictly such, which are applicable to nothing else, for in- 
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stance, jigs, milling fixtures, special cutting tools, which are ap- 
plicable only to a particular product and not to general use, in 
my judgment, twenty per cent. per annum is not too large a rate 
of deterioration. That does not mean, of course, that the entire 
value is sunk in five years, but it means that at the end of five 
years you have got the valuation down to a pretty low and a 
proportionally safe basis. I think, however, there is something 
to be said against this plan or any of the plans considered so far. 
There is a tendency by the adoption of any of them to deceive 
one’s self as to the real value of your property by classing 

assets things which would be of almost no comme)cial value in 
the event of a sale, and whose future value is quite uneertain ; 
and it has occurred to me lately that perhaps the better method 


would be to treat the cost of all such special tools primarily as an 
expense, keeping it under a separate expense account or table 
during the year, but letting it appear in the monthly statements 
of the cost of operating the department for which the tools are 
made, and then at the. end of the year ascertaining from your 


books how much the total charges to this account have been, and 
consider then what proportion of that total shall be transferred 
to a betterment account and credited to the expense account. 
This plan has the conservative value of calling all of these items 
expenses until they have been put into use and tried, and their 
value somewhat known, and then considering how much of their 
cost you will take out of the expense account and put into the 
betterment account. The question is really one of great conse- 
quence to most manufacturers who are producing a specialty, and 
I trust that some of the other members present will favor us with 
their views upon it. 
Mr. Oberlin Smith.—I would s: ay to Mr. Towne that it has not 
bee n my habit to keep the valuation of tools in the inven- 
tory very much in detail, as it does involve too much work ; but 
in getting up a lot of tools, for instance, a set a jigs and gauges, 
for the production of some particular machine, I find approxi- 
mately what they cost at first. The account is very easily kept 
by having a printed blank on the corner of the drawing from 
which the tools are made, to be filled in with the cost when it is 
returned to the office. Thus I know in the first place what that 
set of tools cost. They are then depreciated a proper amount 
and treated as one item in the inventory; that is, one set of tools, 
_ for machine so and so, is worth so much. a 
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I would like to ask Mr. Towne regarding the case supposed in 
this paper, where a new corporation is started, the cash paid in 
by the stockholders, and the need of these special tools having been 
foreseen, they have been ordered and can be procured in a week, 
or a month, by making or buying them. If his idea of charging 
them to the expense account is carried out, what becomes of the 
capital of the concern? Howdo the managers account to the 
stockholders for the property they supposed they owned, if the 
books show it is nof property ? 

The Chairman.—Special cases require special treatment. I 
think that a business having so large a proportion of its capital 
invested in special tools would reasonably require that a whole- 
sale abatement from first cost should be made, and even then I] 
would prefer making a liberal abatement to the end of the first 
year—at least ten, possibly twenty per cent. on the value or cost | 
of the special tools. 7 

Mr. John J. Grant.—1 should like to know why a tool which is 
just as good (for the purpose for which it is <lesigned) at the end 
of ten years’ use, as it was the first year, should be depreciated 
twenty per cent, or even ten per cent. We are going through a 
period of inventorying special tools in our establishment, and we 
are bothered about inventorying those tools. We find jigs and 
fixtures for sewing-machine work, exactly as good for our present 
work as on the day they were made, yet they were made fifteen 
years ago, and if they have depreciated twenty per cent. a year, 
they would have no valuation, and the stockholders I think would 
complain. 

Mr. T. J. Borden.—The valuation of tools, whether special or. 
general tools, should, I think, be determined by charging off each 
year a fixed rate of depreciation, the percentage being computed — 
each year on the value at which they stood on the books at the 
beginning of such year, or on their cost if put in during the 
year. 

The rate of depreciation must necessarily be much greater for 
special tools than for general, and although it is difficult to de- 
termine the exact rate to be fixed on each tool, yet the number 
of special tools in most establishments is large enough to warrant 
treating them as a class, and the exercise of one’s best judgment 
on the rate of their depreciation as a class will usually reach 
more correct results than can be attained by treating each too! 
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I submit herewith tables showing, at the several rates of de- 
preciation named therein : 

1. The value at the end of each year for thirty years for each 
$1,000 of original cost. 


2. The reduction in value each year for each $1,000 of original 
cost. 


It will be noticed that the original cost is not exhausted as 
rapidly as might, at first thought, be expected. 

A heavy line is drawn across Table No. 2 to indicate the points 
in each column where the amount of reduction at the lower rate 
exceeds that at the higher rate for the corresponding year. Thi: 
feature is apparent in all of Table No. 2 below the heavy line. 


Value at the end of each year for each $1,000.00 original cost. 


ae See 5 per cent. 6 per cent./8 per cent. 10 percent. 12 per cent. 15 per cent. 20 per cent. 


Original Cost. $1000.00 $1000.00 $1000.00 $1000.00 $1000.00 $1000.00 $1000.00 
End of Ist year 9410.00 920. 909.00 880. 
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. Oberlin Smith.—-To answer partly what has been said, I 
would say that in my inventory of special tools they are very 
much depreciated; but a good part of this is the difference be- 
tween what they did cost and what it would cost to reproduce 
them. I would not usually attempt to mark anything of this kind 
at what it did cost, because one can always build a duplicate con- 
siderably cheaper. But it does seem to me, as Mr. Grant says, that 
if a thing has been entered in the inventory at a lower price than 
it costs to reproduce it, the price should be marked up to about 
such cost of reproduction, being very careful to depreciate for any 
possible obsoleteness, and of course depreciating tor wear and 
tear. This latter does not occur so much with special as with 
ordinary tools, because they have to be kept up to do their work 
in the very best manner. I should like to hear the views of mem- 
bers in regard to inventorying patterns. 
as familiar to everybody as ordinary foundry patterns, but every 


Of course, jigs are not 
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INTRINSIC VALUE OF SPECIAL TOULS. 
ove who has had anything to do with machine-shops has dealt. 
with the latter. Probably many of you who are machinists have 
systems of valuing patterns. They are just as much special tools as" 
are jigs, templets, or gauges. They are, if obsolete, worth nothing — 
except for kindling wood, but if in full use, they are of great value — 
in conducting a machine-shop and foundry, if we judge value of 
articles positively needed by cost of reproduction. I think it 
would be of interest to us all if we could hear the experience of © 
the different members as to how they value their foundry patterns. 
The Chairman.—lt will contribute very much to the value of 
this discussion if any of the members will state what their prac- 
tice has been, and the practice of any establishment they know of 
—-we would be glad to know the simple fact of what really has 
been adopted by them in the valuing of special tools. 
Mr. T. R. Almond.—I would say that I have considered many 
of the special tools which I have in use for my purposes as being 


really of more value after the first year’s use than they were during 
the first year. I find that by careful treatment the tools improve in 
value. Of course, this is in relation to what they are for. If they 
are for very fine work, where the half-thousandth of an inch or a 
quarter of a thousandth of an inch comes in, then the tools, many 
of them, will undoubtedly increase in value. They have to be, as — 
we say in the shop, tinkered with or humored until we get them — 
into a correct condition for the purpose. If the tools are de- 
stroyed, you have to reproduce them again ; you have to exercise © 
an amount.of ingenuity in reproducing them. In many instances — 
you have to invent them over again. It would seem to me that 
the matter of invention should be considered in connection with 
the subject somewhat. It is not a matter of simply destroying a | 
tool, and being able to reproduce it again. We have no means of _ 
doing it in many instances. Of course, I am speaking mainly ih 
regard to the small tools which are so common in the production 
of fine work, and, as Mr. Grant says, I think the value increases — 
in many instances instead of decreasing—I do not mean for a con- 
tinuous period, say ten or fifteen years, but during the first three 
or four years of their life. 


Mr. J. W. Cole-—-Speaking of twenty per cent. reduction wie 

annum, some of us may get the idea that the value will be wiped 

outin five years; whereas, if one looks at it, he will find, as Mr. 

Grant stated, that the depreciation is on a decreased value ; it~ 

runs on your inventory for years. 
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The Chairman.—And will never disappear entirely. 

Mr, Cole.-No, sir; not entirely. 

Mr. A. C. Walworth.—I would s: vy in regard to the prac tice in 
the establishment with which I am connected, that it is our cus- 
tom to charge off on standard tools, ten per cent. a year; on 
special tools, twenty per cent. Our wooden patterns we charge 
to expense. [ think we call all our wooden patterns, varying from 
one to twenty years old, worth five thousand dollars, and they 
have stood at that on the books during that time, although every 
year we are adding to them, and we have a great many more than we 
had then. Still, they are such a changeable, perishable property 
that we think the safest way is to charge the new ones to the ex- 
pense of running the business, because if you close your business 
out, your wooden patterns will realize very little money. In re- 
gard to well-made brass patterns for molding machines, ete., the 
case is a little different. We consider them as we do tools, and 
charge off ten per cent.a year. I think that we have been rather 
conservative in that way, and have kept on the safe side. 

Mr. Grant.—I would like to ask Mr. Smith in ease there is a 
slight change in any part of the machine that requires a new jig, 
what would he do? Would he wipe that jig out entirely and put 
the entire cost of the new jig in as stock ? 

Mr. Smith.—Y es, sir; I would wipe out the other jig at a cent 
a pound, and charge the new one at what it cost, or less. You 
have the experience, an] probably the drawing of it, and all that, 
and perhaps you can make a duplicate one quicker; so IT would 
always put each necessary jig at the cost of reproducing it 
its present condition, and thoroughly wipe out the other one. 
When obsoleteness comes, you must eut such tools right down as 
quick as you can, or else you will get caught., 
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E. PARTRIDGE, NEW YORK 
Tur labor troubles of e mployers, both in E ngl: and and America, 
are largely due to a wrong theory in regard to wages. This 
theory is so deeply rooted in the minds Of both the laborer and the 
capitalist, that it has passed unquestioned from the early days of 
manufacturing to the present. Stated in its simplest form, it is 
this: The less the price paid for labor, the less will the product 
cost. Consequently the manufacturer, when he wishes to lessen 
the cost of goods, first considers the question of a reduction of 
wages. This is an obvious method, within the comprehension of 
any one. It calls for no investigation of methods and involves no 
intricate estimating. 


_ (Member of the Society.) 


Among the mechanical trades it is a pretty generally recognized 
fact that the easy way, and that into which the apprentice generally 
falls, is always a wrong way. In the case of wages, no exception is 
found to the rule. A present reduction in wages may for the time 
reduce the cost of the product, whatever it is, but the reaction is 
bad. The Old World stands to-day distanced by America, and ex- 
ceedingly anxious, because wage-reduction has been pushed a little 
beyond the point where starvation begins. In spite of having 
thus carried the principle to the extreme, America faces her and 
produces in many lines, for less money and of better quality. The 
reason is that here we have, to some extent, been forced to adopt 
tlhe trne theory of work and wages. Our present labor troubles 
largely come from the introduction of Old-World ideas and Old- 
World methods, The very existence of the trade union depends on 
the wide-spread belief that cheap labor makes cheap products. 


The truth in this ease happens to be at precisely the opposite 
pole. The correct theory is, that high-priced labor makes a cheap 
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product. The manufacturer or employer who carefully considers 
the ultimate success of his undertaking must study how he may in- 
crease the individual earnings of those whom he employs. He 
must seek for the highest-priced labor as giving him the best re- 
turns for his expenditure. His problem is to adopt a system 
which shall utilize skill and intelligence. These are imperative 
and universal laws, and apply to all branches of business. 

That high-priced wages make cheap goods seems a paradox to 
many who have only considered the other side. The question 
naturally arises, Is this possible? Tas such a thing ever happened, 
and can it happen again? The answer is, Yes. England has for 
many years held markets on the continent of Europe, in the face 
of the fact that wages were much higher in England. From Eng- 
land, cottons are sent to India and China in spite of the cheap 
labor of the latter countries. 


The view usually taken is that machinery enables the English 


to manufacture so cheaply as to enable them to compete with the 
cheap labor of China. In one sense this is a mistake. Before the 
cheap labor can run the machines, it must be educated and drilled. 
It must become skilled to such an extent as no longer to deserve 
the title of cheap. Skilled labor must be exported to China to 
superintend, if successful cotton factories are to be erected in that 
country, 

Some years since, a manufacturer of presses for making articles 
from sheet metal advertised his machines abroad, and, basing his 
statements on what was habitually done in America, said they 
would run 120 strokes per minute. Foreign purchasers com- 
plained. They could not make half so many articles in a given 
time as he had promised. Visiting the shops in person, he found 
no difficulty in feeding the blanks to the press for minute after 
minute at the guaranteed rate, but he discovered that the cheap 
workmen whom they employed could not keep up the American 
rate. After that, the guaranties advertised abroad were only half 
as large as the capacity of his machines in America. Similar cases 
are within the knowledge of every manufacturer of machinery who 
has an export trade. 

The use of machinery presents the greatesf advantages in those 
countries where general intelligence is greatest and skill is most 
common, and where, in consequence, labor is most highly paid, and 
in countries where labor is cheapest, machinery cannot be run 
by the natives. Not long since, an American engineer in Russia,- 
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who had been superintending the erection of machinery for making 
oil cans, wandering about Batoum, saw at a distance a hundred or 
more camels receiving loads of a peculiar form, and all alike. Ap- 
proaching, he found a caravan about to start for Persia, and the loads 
were Singer sewing-machines—two to each animal. Skilled and 
high-priced labor alone has made a sewing-machine possible that can 
be shipped half way around the globe and transported a thousand 
miles upon camels to a land of low wages. Without such labor the 
machinery for its manufacture could neither be built nor oper- 
ated. Could skilled labor be obtained, capital would soon erect 
in Asia the necessary machinery, and save the cost of transporta- 
tion. 

From general cases it is well to turn to those which are more 
particular, in order to demonstrate the advantage and imperative 
necessity of seeking to increase the earnings of labor. Some years 
since, an industry was started in the eastern part of the country, 
which grew to considerable proportions. The distance from con- 
sumers, cost of transporting bulky articles, and high wages, led to a 
transference of the factory to Boston. It was then concluded that 
the cheaper labor obtainable in New York and its advantages as 
a business center would pay for another removal. The factory was 
then brought to New York. It was found, however, that both 
changes were for the worse. Fine materials, like ornamented 
paper, silk, satin, scrap-pictures, ete., were employed, and the waste 
of these in cheap hands was so great that, in spite of higher wages, 


. 


long freightage, and cold, long winters, it was cheaper and best to 


remove the factory for the third time, to the village in Maine 
where it started. 

An example of the inevitable evils of seeking cheap workmen 
happened a few years ago in.a shoe shop in the western portion of 


yod 


> 


the State. At the regular price for piece-work exceedingly 


wages were made by the smarter girls in the factory: $25 and 


even $30 per week were paid to single operatives. <A large 


number of girls were employed, some able to earn these wages, 
While the rank and file averaged at the time about $8. Cut 
after cut was made in the wages, because the employers thought that 
no girl onght to earn more than $10 per week. The result was 
hardly what was expected. The capable women whom they hoped 
to cut down to $10 left them. Only the poorer operators remained, 


the best of whom could earn ouly $5) or $6 per week. The pro- 


« ductiveness of the plant had been cut down in about the same ratio 
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as the cut in wages, and the most expert and valuable laborers 
were forced to leave, and quality suffered as well as quantity. The 
profitableness of such an operation is certainly questionable. In 
contrast to this is the testimony of one of our shrewdest and most 
intelligent Eastern manufacturers, that within fifteen years, in sev- 
eral departments ¢f his establishment, systems have been in opera- 
tion which have reduced * the labor cost on certain products with- 


out encroaching upon the earnings of the men employed.” In 


this establishment records are kept with great care and system, and 
the accuracy of the statement is beyond a doubt. 

It is a fact, known and recognized for years, that in certain lines 
of metal work, goods were most cheaply produced in parts of New 
England where the earnings of the men and wages in general were 
the highest, and the same goods were most expensive to make in parts 
of the West where the daily earnings were only a third as large. 
The facilities were equal. A manufacturer, in speaking of this, 
said, ‘“ My men are respectable citizens and property owners, with 
children who will go through the high school, and perliaps through 
college.” le characterized those of another section as but one 
remove from the day laborer, and of no account socially. 

The workman who earns large wages is valuable to his employer, 
becanse he returns a large product for a given outlay. Such a 
sale of labor is in one sense a wholesale transaction. When two 
men sell a dollar’s worth of labor, the buyer rarely expects more 
than 90 per cent. return, while if one man performs the work, 
something over 100 per cent. would not be unusual. When the 
earnings are large in proportion to the number of workers, the 
value of the plant, as well as of the product, is increased. Cases are 
on record where an increase of the earning power of the men has 
been equivalent to an increase in the capacity of an establishment. 
Men who earn large wages become property holders; they are re- 
spected citizens, conservative, self-respecting, intelligent, and tem- 
perate. Their children do not grow up to swell the crimina: 
classes. Snch citizens are a valuable purchasing power in thie 
land; their prosperity is of a stable character. Men of this class 
have no labor troubles; they have too much at stake and are too 
well assured of the necessity of continued work, and too successful 
in it, to take part in strikes. 

Manufacturing can only be prosperous through long periods in 
large, thrifty communities, where the average income of the mas-es 
is high, and where wealth is widely distributed ; under such con-, 


= ai 


J 
CAPITAL'S NEED FOR HIGH-PRICED LABOR. 273 


ditions, consumption is enormous. The tax imposed by poverty 
bears lightly, because there is no poor class—no pauper labor. 

It must not be understood that the suggestion of high wages 
means that the manufacturer or employer should at once make an 
advance in the wages paid, or increase the price of piece-work. 
Such a course is disastrous alike to employer agd men. Advane- 
ing prices without a corresponding advance in earning power, re- 
sults ultimately in a permanent decline in earnings. This is a 
rule which appears to have had no exceptions in this country. It 
is a result greatly to be feared. 

In Great Britain a strange thing has happened, which may be in- 
terpreted in many ways. As the price of wages in the great iron- 
producing establishments has been reduced, so has England begun 
to feel Belgian and German competition. This has often been 
looked upon as a case of. cheap labor against that which is higher 
priced. Others take the ground that it is the irrepressible conflict 
between machinery and man; in which they say that man must 
be ground to powder if machinery is tolerated. Examine the case 
alittle further, and it will be found that it has been a contest of 
machinery alone. In such a contest, the latest comers, and those 
having the most capital, are always winners. Belgium and Ger- 
many had only to construct superior plants, and employ as much or 
more capital, and they could command the markets of the world, 
the natural facilities being nearly similar. The only reply to this 
attack was to reduce wages and increase and improve the machin- 
ery. But the Belgians could reduce wages even more easily than 
the English, and the improved machines of one country could be 
duplicated by the other within a year or two. 

Had the English iron-masters turned their attention to the im- 

- provement of their labor as well as their machines; had they made 
one Englishman in their iron works as good as three Belgians, 
‘competition would have been extinguished. They had not learned 
a lesson which the ship owners of the last generation could have 
— taught them; that one English or American sailor was worth two 
_ of any other nationality, and English and American ships, though 
_jnying high wages, cost less to handle than those of other nations. 
They habitually sailed with fewer men and with greater safety and 
_ more profit. Labor of a high class cannot be exported; it is not 
_ duplicated by capitalists of a foreign country, and it isexempt from 
-conpetition of machinery or men. 
The general problem which the employer of the present day in 
18 
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this country must solve is a simple one in its general form. It is 
to increase the earning powers of his men from year to year, and 
to do it in such a way that the men not only earn more, but are 
more profitable to him. Though simple as a general statement, it 
becomes complex when applied to individual industries. The 
method which has Deen employed in a single instance will serve as 
an illustration of how the problem may be attacked in relation 
to piece-work. In a large establishment in Pennsylvania, embrac- 
ing a great variety of trades, piece-work is almost the rule. When 
a man devises any method by which a saving of time, labor, or 


material is effected, he calls for a trial of the improvement. 
When it is found successful, a new schedule for that class of work 
is made and the price is reduced, but the men get one-half of the 
gain and the establishment the other half. Cost of production has 


been reduced and the earnings of the men increased. This stimu- 
lates every man to study processes and machinery. Every motion 
is criticised; the operation of every machine watched with the 
utmost care by intelligent and interested eyes. Ambition is at 
work, there is an incentive for men of skill to stay, because they 
feel assured that there is an ultimate market for what they have to 
sell. Every man is as interested in cutting down the price of 
piece-work as the proprietor himself. Under this system no limit 
is placed on the sum a man may earn by piece-work. The higher 
the wages the more profitable is the plant. 

When improvements in processes are designed in the office or by 
the heads of departments—that is, when they may be said to origi- 
nate with the proprietor—the establishment takes two-thirds of the 
saving effected, and the men one-third. It must be understood that 
such tools, appliances, or alterations in tools as may be needed to 
introduce improvements, are made by the works, for the men ; hence 
a man when he has designed an improved method of doing his work 
is not at any expense in demonstrating or introducing it. How 
profitable this system has proved for the works can be judged from 
the fact that a few years ago the labor on one article cost $6, and 
18 months ago the same thing, in an improved form, was being 
turned out for $2.50. The men at the latter price were earning 
higher wages than before. This method is capable of being 
applied in many lines of business. In some it has a wider range 
than in others, but it is profitable in all. 

The underlying principle, however, is applicable in every fine of 
business, and the employer will find it profitable to enlist upon his 
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own side, and virtually take into partnership with him, the hope, 
ambition, and self-interest of his men. 


Mr. Wm. E. Partridge—(In opening the debate, and in the 
formal presentation of his paper to the meeting.) More than 
one hundred years ago France found herself in a condition 
not unlike that which is prevailing to-day. The community 
was separated by a greater extreme perhaps than at the present 
time. The nobles and the king were France. The people 
were animals, of which a neble lady said “it is doubtful whether 
they have souls.” The feudal system had thrown the money into 
the hands of the nobles; the people had nothing, and were, per- 
haps, infinitely worse off than the poorest of our laboring classes at 
the present time. A preacher arose—in fact, many of them—and 
preached just such a crusade as we are hearing to-day, and the ‘re- 
sult was 1798. It is a question which has great interest to us 
whether 1898 will mark a period of equally disastrous uprising 
with us, Certainly there are some things in the history of labor 
and capital which make it seem almost probable. Then the king 
said, “ Lam the State; and the nobles said, “ After us the del- 
uge;”” and after them the deluge came, and it was by no means a 
pleasant one. To-day, in the eyes of labor, capital is in a position 
not dissimilar, but the facts are that capital has robbed labor of 
nothing. The workingman cannot say that in this country any- 
thing has been taken from him by the wealthy class as a body, 
Ile has no right to ask anything of capital and of brains, for brains 
and capital must be classed together to-night in this discussion. 
We then come to a question written in our oldest book—* Am I 
my brother’s keeper?” No, perhaps not; perhaps not in a busi- 
hess sense. Strict morality will not ask you to take your property 
and give it to some one else; but the sharp business foresight says, 
in the light of what may happen, “It will be very much better for 
us to do something more than our duty.” The laborer to-day in 
masses is not capable of thinking for himself. If he was, he would 
not be aday laborer. If he could do the planning necessary to 
organize a great railroad system, and bring it from bankruptcy up 
to six per cent. on watered stock of double its original value, he 
Would not be working for you for a “dollar and a quarter per day. 


Ti your man at the machine tool was capable of inventing quickly, 
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habitually, and well, he would be getting his $3,000, $6,000, and 
$7,000 a year, instead of $18, $20, or $25 a week. It is the old 
story of McCullough’s asking the “supe” why he could not an- 
nounce, “ My Lord, the King!” “Can’t you do it as I do?” 
“Naw; if I could, I wouldn’t be a ‘supe’ on six dollars a week.” 
Now, the capitalist and the thinker must take these men into part- 
nership with them as a matter of safety—not partnership in a busi- 
ness sense, but a partnership in a humanitarian sense. Instead of 
devoting just 100 per cent. of your business time to making your 
own money, you must give him a portion of the time, and attempt 
to make his condition better for him. The business man can do 
wonders for his men. I have attempted to show, in the preceding 
paper, that greater earning power is as valuable to capital as it is 
to labor. There is not a man I think here who has had charge of 
a shop who cannot give, chapter and verse, that the greater the 
earnings the more valuable is the stock ; it increases the value of 
your plant—of your factories. But I need not tell this; you know 
all about it. But there is one thing that you will have to do for 
your men, and that is to think for them in ways which will enable 
them to earn more. In other words, it may be necessary here and 
there to follow the style of some of the French co-operative estab- 
lishments. Nominally co-operative, they are really establishments 
where the owner has taken his work people into a participation of 
the profits of the business, and enabled their earnings to be greater 
than they possibly ceuld be had he stopped his thought about and 
planning for them when the six o’clock whistle blew. 

Mr. John T. Hawkins—In a brief discussion of this paper, | 
desire, principally, to emphasize the position taken by Mr. Part. 
ridge ; and, by extending into slightly other channels the applica- 
tion of the aphorism given in his first paragraph, to add to the 
much-mooted labor questions of the day something which may pos- 
sibly be of -advantage to the earnest men throughout the country 
who are now discussing the present or late disturbed and unsatis- 
factory relations of the employer and employee. 

There is little, if any doubt, that to-day the average employer, 
to a great extent at least, accepts the mistaken axiom: * The less 
the price paid for labor, the less will the product eost ;* and it will 
probably be more emphatically and universally accepted by the 
average mechanic or laborer. I do not think, however, so far as 
the employee sees it, that “ among mechanical trades it is a pretty 
generally recognized fact that the easy way is always the wrong 
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way,” if applied to the actual energy displayed by the average 
workman in a given time; and it is the grand and constant error 
of his life that the laborer does not recognize this truth; and that 
he does not, goes without saying with every one who has had any 
extended experience as an employer. 

The two principal factors, in the present strained relation be- 
tween employer and employed, are, 1 think: First, that the former 
assumes the right to get the greatest number of ours of labor out 
of the employee for the least possible wages, disregarding, in a large 
measure, that the dissatisfied laborer, working a given number of 
hours, is vastly less efficient than he who is satisfied with his lot 
and will do a fair hour’s work in every hour; second (and by far 
the most formidable factor), that the latter considers it to be his 
bounden duty to do the least possible in the hours he las agreed to 
work. There is more excuse for the laborer than the employer, 
erhaps, because in the main he is naturally not so situated as to 
i SO well informed on social economics as his employer, and 

is biased by all such imaginings as that, if he does too much, he 
will be keeping some other fellow out of a job; or that, if he 
~mukes a given labor-saviug tool produce all that it is capable of 
doing or intended to do, he will be adding to the already untold 
wealth of the employer, without anything accruing to him for the 
extra exertion. ‘ What difference will it make to me,” he reasons, 
“if IT make this machine bore ten of these wheels a day, where 
Thave been doing only five? It will only be more money in Ads 
pocket, which already has so much more than I, without adding one 
cent more to my wages at the end of the week. So the less I do 
the better and easier for me.” 

I do not pretend to say that there are not many employers who, 
ina rather general or perfunctory way, approve of paying not only 

~ the most skillful, but the most industrious, somewhat in proportion 
to their merits ; but that there is a lamentable lack of a proper rec- 
_ognition of this principle, on the part of employers, there is, in my 
opinion, not a doubt. But much as I believe this fact tends to 
the restlessness now reigning in the world of labor, this is, by far, 
the less of the two disturbing factors indicated above. The one 
undeniable fact that the average workman or laborer to-day con- 
-siders it to his gain that he does the least instead of the most he 
can do in a given time, is one of the fundamental causes of the 
present labor troubles. 


Not that I think a workman should be driven up to the 
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capacity of his thews and sinews or his brains to perform, but 
merely that a man in such a capacity ought conscientiously to do 
all he can reasonably and properly do in the hours he is employed, 
and exert himself in every way to increase, rather than to diminish, 
the product of his labor. If workmen would adopt this principle 
throughout the country for one year, every man honorably striv- 
ing to outdo his fellow, and employers would, during the same_ 
time, reward in shape of higher pay to the most skillful and 
energetic and industrious men, as measured by the quality and 
quantity of the product, and advertise to the men freely that this” 
course would be followed, I believe that greater good would come 
to both sides than can be gained by a century of trades-unions on 
one side and mannfacturers’ combinations on the other. 1 quote- 
from a recent daily paper that “the best kind of a labor union 
exists in the man who combines in himself pluck, economy, fore- 


sight, and common sense ;” and there might be added energy and 


industry. 

“Our present labor troubles largely come,” says Mr. Partridge, 
“from the introduction of Old-World ideas and Old-World meth- 
ods.” There is one Old-World method, however, which is not | 
adopted, to any extent, by American workmen ; and that is, that 
it is incumbent upon a workman of any kind to do something — 
more than the Jeast possible in working hours. It is notorious 
that imported artisans or laborers are a great deal more productive — 
than Americans when they first find employment in this country: — 
but, unfortunately, it is equally trne that after they have become 
Americanized in this particular, they outdo their exemplars and 
become the most assiduous do-nothings and agitators of how not 
to labor. 

The greatest want of to-day, as I see it, in this connection, is 
that employers should counsel more with their employees, and to 
the effect of letting every man understand that energy, industry, 
and skill—in other words, productiveness—will meet its reward in 


1 wages and permanence of employment, and that the 


increaset 
reverse of this will be similarly dealt with. If this state of 
things be once fully appreciated by workmen, and as thoroughly 
carried out by the employers, the days of trades-unions and similar 
organizations as now conducted and the antagonisms they engender 
would be numbered; and generally the employer who paid the 
highest wages would be he who got his product the cheapest. So 


that I most emphatically believe in “capital’s need for high-priced 
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labor” as the most effective method of cheapening its product. It 
is one of the most singularly perverse attributes of the wage-earner 
that he does not realize the force of this and what it means to 
him, as compared with the work of trades-unions and the like, 
attempting to force employers to pay more for a given amount of 
product. If they would organize for the purpose of instructing 
one another how to become the most productive and how to 
command the highest rates of pay, instead of getting the most pay 
for the least product, there would be a measure of good for them 
in such organizations incomparable with their present objects and 
methods. 

I call to mind a typical instance, although, perhaps, an exagge- 
rated one, which illustrates very well this conviction, on the part 
of the average workmen, that they are morally obliged, in justice 
to themselves, to produce the least possible in a given time when 
working by the hour or day. In a certain machinery establish- 
ment in New York city, there was required to be made and 
finished, as a part of the regular product, a large quantity of a 
certain small part of a printing-machine, which was common to 
nearly all kinds and varieties of these machines. The time was 
when two men were found necessary to be constantly employed 
upon finishing these articles in sufficient quantity; and, as the 
business increased, a third man became necessary. The proprietors 
had, for a considerable time, been convinced that they were cost- 
ing too high in wages; and, being of that particular range of 
character which permitted of great skill being acquired by long 
practice on the part of the men, and feeling that the product of 
these men ought to be largely increased in this way, concluded the 
trying of making them upon the piece-work plan, employing the 
same skilled men to do the work, and to which they readily assented. 
The result was that, after the first week, two men were found to 
be easily equal to the demand, and soon thereafter one man made 
too many, although the decent was constantly increasing ; and, 
in point of fact, increasing numbers were made. After about six 
months, this one man asked for some other work by the piece with 
Which to fillin his time; and all without any attempt on the part 


of the employer: to introduce labor-saving methods or appliances, 
but considerably due to devices of the man himself, which enabled 
hii to produce more, and which, added to his increased assiduity, 


brought about the above result. Of course, every reduction in 
the number of men employed upon this work was attended with 
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a commensurate reduction in the price of the piece-work, which 

was at first based upon the need of three men to produce the — 
sufficient quantity, and was a clear saving to the employer. The 
man ultimately reserved to make them by the piece received from 

fifty to seventy-five per cent. more pay than when working, or 

rather idling, by the day. The employer in him had high-priced 
labor, and both were benefited by the simple fact that the work-_ 
man performed what he was capable of doing easily, and used his: 
brains to perfect and improve his methods. Yes, one of capital's 

greatest needs is high-priced labor; and to this end the employer’s 

next greatest need is systematic and comprehensive effort on his 

part to create it by encouraging and instructing workmen and 

laborers how to become higher-priced men than they now are. 

As another very recent instance of the workman’s purblind 
determination to be less productive, and theretore a lower priced 
laborer, than he might be if he would; and what will be quickly 
recognized as quite a typical one by any one familiar with the 
interior working of a machine-shop, I quote from the New York 
Tribune of November 29th last: “ Elmira, November 28.—For 
some time trouble has been brewing between the employees and 
the proprietor of Payne’s machine and molding shops, one of the 
largest concerns of the kind in the city. The Paynes have deter- 
mined to run their shops to suit themselves, and although the 
principal number of their employees have been Knights of Labor, 
yet a number of non-union men have been employed. The 
machinists say that about a year ago they were asked each to run 
two lathes instead of one for the same pay as for running one, that 
the best of them left the shops, and that the order proved a failure. 
Yesterday a machinist was asked to run two lathes, but refused. 
David Payne became angry, and believing that the Knights of 
Labor were fomenting trouble, discharged the entire force in the 
department.” 

To enter into any argument here as to the effect upon the labor- 
ing man, of the employment of labor-saving machinery, would be 
out of place; every one who has given this subject any considera) le 
thonght is agreed as to that. But here we have men employed 
by the hour or day to operate labor-saving machines in a way to 
permit of their saving the labor they were designed to do. They 
deliberately undertake to insure that these machines shal] produce 
the least they are capable of keeping them down to, insisting tliat 
the employer shall pay double (or nearly so) for the product for 
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their machines that which he should pay if the workmen would 
intelligently and willingly apply themselves to making them pro- 
duce the most that could be gotten from them. They refuse to 
see that if they each willingly attended to the running of two or 
three or ten of these lathes—if within their reasonable powers 
to accomplish the task—they would so far -be increasing their 
value to their employer as to make it to his interest to pay them 
higher wages; and to intensify their obtuseness, they also play the 
dog in the manger; refusing to allow others to gain what they 
reject. 

To be sure, the above-quoted report says that “the men were 
asked to run two lathes instead of one for the same pay as for 
running one;” but, while the undeniably correct principle is, that 
every man who could as well run two lathes as one, when paid by 
the day or hour, should consider it his bounden duty to run the 
two without any consideration as to the amount of pay he should 
receive; who can doubt but that the employers in question would 
be vastly more likely to increase the wages of a man who carefully 

ran the two lathes than if he mulishly insisted upon sitting or 
standing idly by his one lathe when he might, without any de- 
_privation to himself, nearly double the product of his labor? Of 
all the antagonisms between capital and labor, I believe the great- 
est to be that labor strives to give the least equivalent for the 
wages it receives, while capital as persistently, perhaps, operates to 


keep the wages of labor at a minimum; the employer being as 


blind to the fact that by encouraging his labor to become high 
priced he puts dollars in his pocket, as the laborer is oblivious to 
his own interests by refusing to earn all that he is capable of. 
Mr. Wm. Kent.—We should be obliged to Mr. Partridge for 
having brought this question up, and I wish to comment on the 
fact that possibly this Society is about as well qualitied to discuss 
this labor question, in its various phases, as any body of men in 
this country. The labor question has been gradually developed by 
_hewspaper articles and magazine articles, in which one man writes 
what he has to say at one time, and at another time another man 
writes something else, and the country reads it. But when we 
iueet, as we do to-night, each man rubs his ideas against another’s, 
and probably better results are reached than by reading stray 
articles. I think more is to be gained in the knowledge of this 
subject by having a discussion, such as we are likely to have to- 
night, than in any other way. 
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labor because he can get nothing else. 
invent machines which take the place of the high-priced skilled 


labor. 
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merican capitalist and employer has to employ high-priced 


He employs inventors, who 


Ile pays enormous wages sometimes for such inventors— 


ten thousand dollars a year, perhaps, or more ; which enables him 
to dispense with a large amount of highly-paid labor, and so to 


reduee the labor cost. 


cheaply there. 


doubt, could to-day duplicate their plant in England, and turn out 
By taking over to Eng- 


Jeske chonpes than they can in America. 


land the machines 


with which they make locks, and operating 


After the works are fully established, and 
the plant has become a commercial success, the question arises, 
what shall we do to obtain a foreign market ¢ 
rich enough, it goes over to England, or to Scotland, and duplicates 
its American factory there, and turns out its machines much more 


The Yale & Towne Lock Company, I have no_ 
> 


If the company is 


them there with lower priced labor, they could make locks cheaper. 


Tam in full sympathy with the apparent object of Mr. Partridge’s — 
It is certainly commendable from the stand-point of the 
philanthropist, and many of its statements are consistent with — 
That “the workman avho earns large 


paper. 


sound political economy. 
wages is valuable to his employer, because he returns a 


product for a given outlay,” is true in a great number of instances, 


large 


and the cost of production in many industries might be reduced 


this truth were more generally appreciated. 


in need of high-priced labor. 
with low-priced labor. 
is rarely any difficulty in 


a five-dollar-a-day man, who earns his wages, 
a ten-dollar-a-day man is always scarce. 
Agreeing thus far with Mr. Partridge, I regret that much of his — 


arguinent assumes a rather paradoxical form, and that his fancy | 


In mechanical pursuits, 
getting workmen at from two to three 
dollars per day, who may or may not be worth what they ask, but | 
is harder to find, and | 


> 


Capital is undoubtedly | 
The market is always overstocked — 
for instance, there 


for a paradox leads him to make assertions which, if true at all, are 
true only to a limited extent, or in a limited number of special! 
instances, and not generally. 

He states broadly that it is a wrong theory that “the less thie 
price paid for labor, the less will the product cost,” and that the 
correct theory is that “ high-priced labor makes a cheap product.” 
It is difficult to frame any argument to meet this style of assertion, 
almost as much as it would be to combat the statement of a learned 


mathematician, that it is a wrong theory that two 


and two make 
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four, and the correct theory is that two and two make five. The 
problem is simply one of arithmetic. The cost of a manufactured 
product is made up of rent, including royalty, interest on capital, 
wear and depreciation of plant, insurance, taxes, and the wages of 
labor, including the labor of superintendence. Thus the cost of a 
steel rail is made up of the royalty on the ore, the coal and the 
other raw materials, as they are found in the earth, or the interest 
and depreciation of value of the land which contains them, the 
wear and tear, depreciation, insurance, and taxes on all the plant 
involved in the manufacture, including the mining, the transpor- 
tation, and the manufacturing plant proper, and the labor of min- 
ing, transporting, and manufacturing. This labor costs by far the 
largest percentage of all the items of cost. It is a simple matter 
of arithmetic, then, that if the cost of labor is diminished, the total 
cost is diminished. 

“The manufacturer, when he wishes to lessen the cost of goods, 
first considers the question of a reduction of wages.” If this 
means the daily wages of the individual employee, it is very far 
from true in this year 1886. It may have been true in former 
years, but this year, when every manufacturer is endeavoring to 
reduce the cost of his product, a reduction in daily wages is about 
the last thing he thinks of, for such reduction, in the face of strikes 
of all sorts for advance in wages, for reduction of hours, and for 
control by the employees of the workshops, is a practical impossi- 


bility. Ile is glad if he can consider the rate of dajly wages a fixed 
quantity, and his effort to reduce cost takes far different forms. 
He so organizes his factory that the high-priced man is kept on 


work requiring intelligence, that the average man is kept on 
average work, and that the machines which suchaverage man tends 
are kept in good running order and speeded up to their maximum 
capacity ; that machines which merely require feeding, and but 
little or no skill, are manned by low-priced workmen or by boys; 
that whenever possible, the low-priced workmen and the boys are 
both displaced by the substitution of machines which feed them- 
selves. Mr. Partridge mentions a ease, of the press for making 
articles from sheet metal, requiring high-priced labor to feed it. I 

noticed a similar machine recently fed by a cheap, small boy, who 
Was not very skillful, and commented on the high labor cost of the 
articles produced. A few days later I saw the same machine fitted 
with an automatic feed, and the same boy, at the same wages, turn- 
ing out about five times as many of the articles in the same time. 
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Here it was good economy to employ a cheap boy rather than a 
high-priced man to feed the machine, but it was still better to make 
the machine feed itself. Mr. Partridge mentions the sewing- 
machine. If he would investigate the question of its manufac- 
ture a little closer, he would find that, while it is true that its cheap 
production has been rendered possible only by the employment of 
high-priced labor to design and perfect the machinery necessary 
for its manufacture, its cheap production now depends upon the 
operation of that machinery by low-priced labor. The most diffi- 
cult operations, apparently, are those which are done by automatic 
machines, in which the machine tender only inserts the blanks and 
removes the finished pieces. In many instances, as in making the 
screws, a coil of wire enters at one end of a machine, and the 
tinished screws come out at the other, without any hand labor atall. 
Further, the time was when the Singer Manufacturing Company ex- — 


ported sewing-machines from America to all parts of the world; a_ 
grand instance of America distancing the world in cheapness of — 


production ; but now the same company hasa factory near Glasgow, | 
Scotland, much larger than the American, which can turn out 
sewing-machines more cheaply than the American factory can, 
simply because labor is cheaper there than here. It has another 
factory in Vienna, which makes machines still more cheaply, be- 
cause labor is cheaper in Austria than in Scotland. Westinghouse, 
Armington and Sims, and Corliss engines; Westinghouse air- 
brakes ; Worthington and Blake pumps; Babcock and Wilcox and 
Root boilers, all of which originated in America, are now made 
cheaper in England than they can be made here—all because — 
labor there is cheaper. America has the best blast-furnaces and 
the best iron and steel works in the world, yet it never has been — 
able to make iron and steel as cheaply as England, because labor 
is cheaper in England. In the same way, England has better iron 
and steel works than Belgium, yet Belgium frequently under-— 
bids England in English markets, and only because Belgian Jabor 
is cheaper. In 1882, the lowest price paid to unskilled labor, re- 
cently imported Poles and Bohemians, in the iron works of Pitts 
burg was $1.25 per day. The lowest class in a Scotch steel works, 
a more intelligent set by far than those Poles and Bohemians, 
earned only 62 cents per day. In a Belgium iron works, a similar 
class, apparently fully equal if not superior to the Scotch, only got 
thirty cents a day, and the same price was paid to women in thie 
same works, who were engaged in the work of wheeling coal, iron, 
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ashes, ete., work which in a good English or American works 
would be done by a locomotive. According to Mr. Partridge’s 
theory, the cost of iron would be lowest in America, and highest in 
Belgium, but the facts were exactly the reverse. 

Mr. Partridge.—As I have to leave shortly, I will ask the chair- 
man to allow me to say a word or two, which I might claim to say 
later, chiefly in reply to Mr. Kent, who is, I believe, according to 
the law of ** foreordination” or “ predestination ” on the other side 
of any ordinary question. (Laughter and applause.) Tow- 
ever, friend Kent is on the right side this time. Perhaps I am a 
little to blame for not making it a little more clear, that “ cheap” 
and “high-priced,” as Ihave used them, should not mean the 
amount of money, but relatively how much you get for your value. 
Friend Kent’s figures all fit my paper, and I would have been very 
glad to have had them while writing it. The chief question is not 
whether you pay $2.50 or $5 for what you buy, but the per- 
centage of value received for the outlay. If $3 worth of value 
is obtained for $2.50, or $7 for an expenditure of $5, the 
purchase is cheap. A twenty-five cent article is high if its value 
is but six cents. It is the percentage of value received. Some 
low-priced labor returns more money than the high-priced; that 
is, the large wages return less than the low. Usually the reverse 
is trne—that the large wages return many times as much value 
to the shops as the low wages. ‘This statement will meet all the 
figures and all the cases which Mr. Kent mentions. (Applause.) 

Mr. G. L. Fowler.—I had recently an opportunity of inquiring 

— into and examining asystem which is employed by one of the largest 
railroad companies in this country, in the treatment of their em- 
ployees in their large shops. They do everything by the piece- 
work system—lI mean everything, from the work of a day laborer 
to that of the most skillful machinist. All of the work about the 

— shop, in taking in wheels from the platforms on the outside, carry- 
ing them to the lathes, the unloading of cinders, the carrying of 
boiler tubes from the boiler shop out into the yard, the handling 
of scrap iron—everything of that kind is doue by piece-work. 

— There is so much paid for handling a driving wheel, say, from the 

_ lathe out into the yard where it is kept. This work is done by 
cings; gangs of from seven to nine work under the charge of a 
foreman, who works with them, and the amount of work which is 

_ done by a gang is divided up among them at the end of the week, 

_ and the result is, that they will not allow any one in among their 
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number who loafs and is not willing to work as hard as he ean all 
the time. I remember seeing a case of this kind as I was going © 
through the shop. A gang of men were loading car wheels. There 
was a man in the gang who was an extra hand. There was no 
place tor him to work with the rest, and he was on a car-load of 
cinders unloading that. The very moment the men had finished 
with the wheels all of them were up on the car-load of cinders with 
that extra hand and at work. It is just so with the machin- 
ists. They have a system of piece-work for every individual thing 
which can be done about a locomotive ora car. That is all scheduled 
off and the men know exactly what they are to receive for it. Of 
course, When you take the work of repairing a locomotive, the 
schedule must be very long. My recollection is that it covers 
about fifty pages of foolscap written on a type-writer. The pay of 
the day laborers run on an average from $1.65 to $1.75 a day. 
Machinists are about $3.50 a day. The superintendent of the 

shops, who was showing me the record, said that he had a very 
amusing incident occur some time before. There were two men 
who before the piece-work system was introduced made $2.40 a day 
apiece. After the piece-work came in, one of them ran his wages 
up to $3.50 and the other dropped back to $1.75. The $1.75 man 
came around and said he thought his piece-work should be allowed 
alittle more ; that it was an imposition to make a man work for 
$1.75. He said, “ Ilere is this other man making $3.50.” The 
superintendent said, “That doesn’t make any difference ; it is none 
of my business; you want to go to God about that matter; he is the 
person for you to go to. He didn’t make you quite as sharp as that — 
fellow. You manage the matter with him.” Andthe man looked 
at him but didn’t say anything. The superintendent went on, “ It 
is just the same as it is with me. I have to go to the same au- 
thority. I cannot get the same fees for dving ny work that some 
of the big lawyers in New York get. I ain’t as smart as they are.” 
The man said he didn’t know but what that was so, and he went off — 
perfectly contented, (Laughter.) 

The result of that case is, that the men are unwilling to work on 
anything but piece-work. Of course, in a large railroad corpora- 
tion there are continually arising cireumstances where work will be 
coming in which is outside of the regular work, and is not sched- 
uled. A man will look at it and make an estimate on it, and if — 
his estimate is any way reasonable, they let him go to work on it. — 
Nine times out of ten, the men will make a fair estimate on the 
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work, and work like beavers to get it done. And it is working 
more than satisfactorily. When the company made their schedule 
price, of course they wanted to reap some advantage from piece- 
work as well as the men, and after Jong and careful eonsideration 
of the subject, I think they cut the rates down about twenty per 
cent. below what it was actually costing them by the day, and 
gave the men this work to be done at those rates. While the men 
worked to so much better advantage that they have run their 
actual receipts up in the way that I have indicated, averaging 
about twenty-five per cent. increase to the men, there is a saving 
to the company of about twenty per cent. That shows there is a 
saving on one side and an increase of wages received by the men 
on the other sile. Everything is working in that way with per- 
fect satisfaction to both sides, and.the company think that they 
have, in that way, rather solved the labor question. (Applause.) 

Mr. T. R. Almond.—In connection with that subject, it has 
seemed to me that if you give the workmen some incentive to do 
better, they will do better. I had a good illustration of that during 
the past year. I was getting dissatisfied with certain help and 
suggested that they had better seek employment elsewhere, unless 
they were willing to make the goods at a price which I had made 
two years previous, There seemed to be no inclination whatever 
to make them, and being displeased with the help, I said: “ Now 
you must make those goods at that price or get work elsewhere.” 
The result is my machinery is in better condition, more care is 
exercised to keep it in good condition, the help get considerably 
better pay, and during the last nine months I am certainly $1,000 
better off than I was, because of that, and that alone. I considered 
very carefully, prior to this experiment, the cost of the goods, and 
since making the experiment I have found that the help are—say 
in the case of four men—between $500 and $600 better off them- 
selves, and I myself am at least $1,000 better off because of that 
simple little experiment. 

I was very much pleased to read Mr. Partridge’s paper, because 
it was in such strict accord with my idea, and I believe that if you 


give any employee some incentive to do better, he will exercise his 
brains sufficiently to enable him to do better. 


Mr. J. L. Wells.—In the matter of this labor question, there is 
no doubt but that the true solution of it is in some system of 
rewards, or some incentive for emulation. Jere in New York, in 
my business, the whole incentive to competency, or to working a 
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full day, is withdrawn from the men by this trades-unionism. We 
are to pay every man, big or little, great or small, old or young, 
the same rate of wages per day and no less. The incentive toa 
man to do more than his neighbor is lost, and we do not seem to — 
have any redress for it. In the scheme of a participation in the 
protits, the hope engendered is not followed out in the distribution. — 
You take a hundred men. Perhaps the legitimate profits for the — 
year would be $15,000 or so,and say you would give them half the 


profits; that makes $75 apiece, and it is rather disappointing. I do 
not think that that is the true solution, but I think that it is to be 
that general lines of business shall be paid pro vrata. Take the 
mason, or brick-laying business for instance. If a combination of 
master-builders in New York could agree to make a rate of wages 
for laying 1,200 brick, or 1,500 brick for a day’s work, at a rate 
per day which the business will stand, and it could be understood 
that the man who ean lay only 1,000 brick would get so much 
less, and have such rates established, then you will have an incen- 
tive for the man who lays the thousand brick to work so hard that 
in a short time he will be able to lay twelve hundred brick, ete. 
It seems to ne that that is the true solution of the business. 

Mr, Oberlin Smith.—In order to carry on what has been termed 
the “discussion” here—though I do not think many of us have 
discussed each other much—lI will say that I believe all that the 
other fellows have said. We have certainly a remarkable unanim- 
ity of opinion among us. There is no question in my mind but 
that some form of piece-work is the true solution of the difficulties 
in question—that is, if it ean be carried out. It is easy in the 
large railroad shops, or in a gun or lock factory, where the product 
is made in large quantities in duplicate, but it is very difficult in 
the ordinary machine-shop—especially in small ones, I have 
found, in die-mnaking (a class of work with which I have had much 
to do), great difficulty in introducing any kind of piece-work, be- 
cause each article was different from anything that had been made 
before, or was likely to be made again. The men have refused to bid 
upon them. They have often been urged to, but they would not, 
because they were afraid they would lose. Some improvements 
have been made by instituting a series of premiums to be paid 
over and above the day wages, in proportion to the excess of profits 
over losses which have occurred in that particular class of goods. 
I believe it should be the study of every machine-shop owner :0 
to systematize his business as to give all possible piece-work, or, in 
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lieu of it, to have some arrangements by which the men can have 
& percentage of the protits. A small percentage of the profit on 
each particular job may be set over to the premium account. This 
may apply to gang-bosses and foremen as well as to journeymen. 
In this way their personal interest in each job is more direct and 
apparent than where they get a percentage upon yearly protits. 

Mr. J. J. Grant.—We employ about three hundred men in 
Philadelphia, and there are only nine men in the shop who are not 
Knights of Labor, who are usually reckoned among the opponents 
of the piece-work plan. There is not one who objects to piece- 
work, They all want it. They do object to contract work where 
one man hires a gang of other men; but they do want piece- 
work, 

Mr, T. J. Borden.—One of the large industries of this country, 
that of cotton manufacturing, pays its employees chiefly by piece- 
work. About three-fourths of all the operatives in such establish- 
ments have been so paid for at least forty years, but there is as 
much controversy among them in felation to the rate of wages as 
prevails among other classes of labor. Piece-work leads to a much 
larger product per hand than can be attained where payment is 
made by the day or hour, and in that respect is decidedly benefi- 
cial. In lines of manufacturing or mechanical work, in whiclr 
large numbers are engaged and the nature of the operations varies 
but little from year to year, competition gradually brings the rate 
of wages to a minimum, and under those conditions there is nearly 
as much friction in the adjustment of the rate of wages on piece- 
work as on day labor. 

In new enterprises, or where so few are engaged in any one 
branch as to be comparatively free from keen competition, the 
wage question can be handled with much less friction by piece- 
work than by day labor. 

As large a proportion of the operatives employed on piece-work, 
even those receiving the highest wages under that system, are 
members of the Knights of Labor and kindred organizations, as 
are found among day laborers. 

Piece-work is not by any means a cure-all for labor troubles, 
but only a slight alleviation of the difficulty. Controversies on 
this subject will exist so long as there are two sides to the question 
dependent upon frail human nature to decide between them. 

Mr. Henry R. Towne.—The intense present interest of this 
question is shown by the discussion which we have had. We have 
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simply opened too large a volume for us to get throngh with in 
this session. It is the question of to-day, but it is going to be still 
more the question of to-morrow. It is the great question. But 
we are not going to see this question treated and settled as was the 
one Mr. Partridge referred to, which was settled one hundred years 


ago. Weare upon the eve of a revolution, in my opinion, but I 
believe that it will be a peaceful one, and that it will be settled 
without the world having to pay so dear a price for it as for the 
one accomplished a hundred years ago. 

There has been so much time taken up by this discussion that I 
will not now say what I would like to, but I will refer to one or 
two points which, while germane to the question as originally pro- 
posed, are also quite within what is covered by the range of discus 
sion since. And in the first place, I want to refer to a little book I 
have recently read which will interest any one who considers this 
question at all. The title of the book is Proft-Sharing, by 
Sedley Taylor [London, 1884]. The book is a small one, of per- 
haps a hundred short pages, giving a réswme of the experiments in 
profit-sharing in England, but chiefly in France, where the plan 
has been tested longer and better than anywhere else. The French 
system consists of a plan by which the entire corps of any estab- 
eishment, from the head to the youngest boy, has an interest in the 
profits of the business, that interest being divided at the end of the 
year in the shape of a percentage on the earnings of each individ- 
ual during the year. In this way the relative values of the services 
of different men are left entirely undisturbed. They may work 
by the day or by the piece, but each receives a percentage upon his 
earnings representing his interest in the profits of the business. 
In no other way can you so completely identify the workman witli 
the proprietor, and interest him, not merely in the product of his 
own work, but in the product of his fellows around him and in the 
entire economy of the place, the economy of material, and in every- 
thing which tends to reduce cost. This, it seems to me, is the 
ultimate and final solution of this question. But while we are 
endeavoring to reach some such final solution, there are many inter- 
mediate steps which can be taken slowly, one at a time, all tending 
to improve the condition of things. Obviously, piece-work is the 
first and most important, and it is consistent with “ profit-sharing ;” 
one can exist within the other. There is a broad distinction, how- 
ever, between piece-work and contract work. Many kinds of 
business do not admit entirely of the application of piece-work, in 
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which each man works for himself, but necessitate the introduction 
of a system where one man works for himself and has two or three 
or twenty more working with him as assistants, but being paid by the 
day. The piece-work system, if possible, should be applied through- 
out, simply for the obvious reason that it makes every man interested 
directly in his work. 

A good many years ago, in organizing a piece-work system, which 
has since become somewhat large, it occurred to me that an improve- 
ment could be obtained by adopting a specific time, a definite period 
during which piece rates should hold. Prior to that it had been 
the practice to reduce piece rates whenever the earnings of the piece 
and contract hands seemed to be larger than reasonable. The men 
appreciated that fact and they knew perfectly well that when their 
earnings reached a certain point they would probably be cut down 
in their piece rates. The result was a tendency, and a very strong 
one, to keep the men from pushing their work beyond a certain 
limit. On the first of a certain January, a good many years ago, I 
had it announced to the piece and contract men that the rates then 
adopted, which constituted a revision of those previously in force, 
would hold for twelve months, and that during that interval what- 
ever earnings the men made would belong to them. At the end 
of that twelve months we made the heaviest reduction in piece rates 
we had ever made, simply for the reason that the men, knowing 
that they would keep all that they got in the mean time, went in 
with a will and did the best they could, not only in the amount of 
energy put into their work, but the best also in the way of im- 
proving their appliances and methods of doing work. That system 
has now been in continuous operation for some fifteen years or more 
with the most unqualified satisfaction, and as jobs become old and 
the cost of work pretty definitely known, the period during which 
, piece rates hold has been increased in many cases to two years and 


- sometimes to three years. It seems as though there was no end to 


the possible reduction in the cost of work where machine processes 


come in. Where the work is purely manual, there is a limit, 
Again, where new work is to be started by piece or contract and 
you have no accurate data to go on, and where you have to recog- 
nize the timidity of workmen in incurring risks (indeed, they have 
lot the means, they have not the right, many of them, to incur the 
risk of losing money or of earning much less than their average), 
that trouble can be met by fixing limitations. I have pursued that 
course in many cases and with very good results. The method is 
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simply to say that the rate adopted is assumed to be the fair rate 

for a particular job. If at the end of the period for which the rate 

is fixed, the workman’s earnings are less than the mindmum named 

at the commencement, the difference will be made up to him, that 

difference being usually the amount required to make good his 

regular day pay for the term. On the other hand, if his earnings 

exceed a certain maximum, which should be much larger than the 

minimum, the excess beyond that should belong to the employer. 

The maximum and minimum may be put at any reasonable distance 

apart, but they fix a limit; they guarantee the workman against 

loss, and they guard the employer against the ocenrrence of a blun- 

der by which he would pay an extravagant price for the work. In. 
almost any kind of productive work a great portion of it can be— 
done by piece-work or by contract, and one element of the “conflict” 
between capital and labor be thus far settled, for the present at 
least. But I do not regard this system as a final one, for I believe 

that before long we are going to see the principal of profit-sharing 
introduced very much more generally than has yet been done. 

Mr. Partridge’s proposition is abstr actly true, as Mr. Kent has 
explained. High-priced labor, if you get value for it, is the cheap- . 
est in the end, for many and ee ious reasons. | 

I dissent, however, to the statement that has been made by yy Mr. 
Hawkins that it is the disposition of workmen to doas little as they can, 
I know that this is true of some,—that it is true of men low down in 
the scale as mechanics. But that it is true of, or generally applicable 
to, the American mechanic I emphatically deny. He is an honest. 
man; he means to do what is right; and in my experience I have 
found that, in the long run, he does fairly what is right. Te will — 
do more, however, when he feels that he is working for himself | 
and not for an employer who pays for his work by the time. 

Mr. Fowler.—1 would like to add one word. This piece-work | 
system is used in all the repair work upon the road to which Ihave © 
made reference. If a man does any work whatever; if he only 
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tightens up one nut on a car or locomotive, he has a scale for tight- 
ening up that one nut, and is credited on the pay-roll for it. 

Mr. J. T, Hawkins.-Mr. Towne, I think, misapprehends the 
tenor of my remarks, if he understands from them that 1 impugn 
the honesty of the American workman or laborer. I by nu means 
intended to convey that the tendency among workingmen of al! 
kinds to minimize the products of their Jabor comes from anything 
worse than ignorance on their part. It is more or less a matter of 
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traditional feeling with them that a gain to the employer through 
their efforts is a corresponding loss to them, and itis this practically 
— unconscious or thoughtless condition of mind on their part which 
I deprecate, and which TI have suggested might be replaced by more 


aiming to give the employer the least possible for his money. 


~My remarks, in this connection also, should be taken in a more 


general sense than Mr. Towne has seemed to have understood 
them; but, while the average American workman is honest in his 
intentions to do justice to his employer, there are doubtless many 
exceptions which only go to establish the generalization. There 
are, and always will be, dishonest American as well as other work- 
men; and there arealso many who perfectly understand that it is 
to their own interest to render the fullest equivalent in effort 
made for compensation received ; but fortunately in the first, and 
~ unfortunately in the last case, these both are comparatively rare, and 
the rule is, as stated in my remarks, that the average wage-earner 
~ thinks (and honestly so, perhaps), that it is his gain that he pro- 
— duces the least for a given amount of wages received, or in a given 
yumber of hours worked; and any means which can be devised 
~ which shall reverse the condition of his mind in this respect will 
be productive of more good for him than any possible scheme to 
effect a reduction of the employer's profits; which latter is, in al-— 
most every case of antagonism between capital and labor as repre- 
sented by its organizations, if not the main and direct object in view, 
at least the result of the success of the laborers’ organizations in 
such contests. 

Mr. Towne.—After noting Mr. Hawkins’s comments, I must 
still express my dissent from the views he holds as to the average 
disposition of workingmen in regard to their obligations toward 
their employers. Admitting, however, that they hold such views, 
the remedy for the evil resulting therefrom lies in the direction of 
interesting them in the results of their labor. This end can be, in 
great part, accomplished by the piece-work system, if so arranged 
that each man’s earnings are controlled and affected by the work 
accomplished by him individually. The final and most perfect 
solution of the case, however, lies in the direction of “ profit-shar- 
ing,” or its equivalent ; that is, a system in which the interests of 
the employer and employee, not only in the results of labor, but in 
the entire economy of production, are harmonized and united, 
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In closing the debate, I want to call attention to the fact that 
the two discussions of to-night are practically in the line approved by 
the Society at the meeting in Chicago last spring, when it was pro- 
posed that economic questions should be introduced, the suggestion 

— being at first that they should be taken, up somewhat as a side- 
issue. By practically unanimous action of that meeting, it was 
decided that such papers are as pertinent to our work as any others, | 
and should be treated in the same manner. The two papers of to- 

night both relate to economic subjects, and it has been interesting 
to see how the Society considers their value and interest to com- | 
pare even with those of our usual and ordinary papers. 
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No. 240.—27. 


Dors twisting an I-shaped oil-well sucker-rod prevent its sockets 
from unscrewing? Why 


Mr. William BR. Jenkins, Jr—I take it that in the case of a 
spiral rod moving in the mass of the fluid which is being raised, the 
spiral rod would be subject to the same action as any propeller. If 
forced bodily through the water, the tendency is to rotate the pro- 
peller. If the propeller is rotated, the tendency is to force it through 
the water. On the down-stroke of the sucker-rods, they pass 
through a stationary column of water or oil. This column of 
liquid, acting in a measure as g nut, tends to rotate the rods. And 
if the flat rods are twisted in the proper direction, the action would 
tighten the couplings. On first sight, it wonld seem that on the 
up-stroke a reverse action would take place and the tendency be to 
unscrew the couplings. But the same conditions do not obtain in 
both strokes. On the down-stroke the column of liquid acts as a 
stationary nut through which the screw passes; while on the up- 
stroke this liquid column or nut is lifted bodily upwards with the 
rods. There being no stationary nut for the rods to pass through, 
the tendency to rotate does not exist on the up-stroke. Conse- 
quently, if the rods are twisted in the proper direction, the action 
is to turn or rotate on the down-stroke, and not to rotate on the 
up-stroke. 

No. 240.—28. 


How can intricate templets be cut from very thin metal ? 


= 


Mr. Herman Ludwig.—lI have had some experience in this line. 
We used thin sheets of copper or brass, and coated them on both sides 
with a solution of asphalt in turpentine. After this was dry, we 
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transferred the drawing to the asphalt by means of red transfer 
paper; then traced the lines with a needle-point and had an acid 
bath to do the rest of the work. In other instances we coated only 
those parts of the metal which were to form the templets, leaving 
the spaces blank on one side, and used the acid bath as before. 

Mr, Oberlin Smith—lI also have used the etching method for 
thin templets, but I find that it is difficult to eat through, if the 
metal is of much thickness. Another method I have used isa 
punching press with a pair of shear-blades set in it, of which the 
vertical section is something like my thumb nail, both for upper 
and lower—that is, the cutting edges are both considerably convex. 
Thus, when the two come together, each goes barely through the 
metal for a very short distance. In following curved lines, you can 
by this means get through without mashing the metal, by taking a 
series of contiguous cuts all along the lines. A third method, and 
one which is perhaps the most successful, is to use a jig-saw. I 
once rigged up one of those little toy jig-saws with a very fine 
watchmaker’s saw-blade, and had perfect success in jigging out thin 
brass plates—just as you would a piece of board. 

Mr. P. A. Sanguinettii—I have had occasion to cut templets 
from thin metal, and have used very much the same process as Mr. 
Smith, with a little alteration. Instead of cutting directly on the 
metal with the jig-saw, I placed it between two pieces of poplar 
boards about {” thick, with the design to be cut glued to the upper 
side of the top board. By this method I was enabled to produce 
the templet without any burr on the under side, and perfectly 
straight. I used sheet zine. 


Mr. Oberlin Smith.—I accept the amendment; it is a very good 


No. 240.—29, 


What is the best way to build annealing furnaces for small gray 
iron castings 4 

Mr. J. M. Dodge.—I would like to state to the Society that after 
considerable experience with annealing furnaces I have found that 
the reversal of some of the accepted methods has been advantageous. 
In the first place, suppose the castings are in a pot two feet high; | 
would have the top of the furnace five and a half or six feet hig). 
Instead of taking the heat in at the bottom, I would bring it in at 
the top, and inthe next place I would divide the flues at the bottom 
so as to get an even draft. An even draft can be obtained with a 
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number of flues very readily with pieces of brick to vary the open- 
ings and a handkerchief as a guide to the strength of the draft. 
With a natural draft—no fire at al!—a handkerchief held near one 
of the openings will be deflected, and then you try the others, 
holding the handkerchief in the same relative position, and if the 
handkerchief is detlected too much, place a piece of brick partly over 
the tlue-hole. The advantage is, that you have even action, whereas, 


if you draw the heat in at the bottom, you will naturally have hot 
streaks through your furnace. If you take it in at the top and then 
it leaks out at the bottom as it has to, it makes perfectly even heat- 


ing all around; and the advantage of having this large reservoir 
over your castings is simply that you get this soaking action of the 
heat with perfectly even distribution and very little loss; because 
your radiation, after all, amounts to very little compared with the 
amount of heat which you actually use in annealing. If you do 
lose a per cent. more or less by radiation, it does not make much 
difference. You gain more by paying proper attention to the 
damper. 

Mr. H. BR. Towne.—I may mention briefly an experience of my 
own in this particular direction. Some five years ago, I built an 
annealing furnace in which I took the gases from the combustion 
chamber over the bridge-wall into the heating chamber on top of 
the pots, as Mr. Dodge proposes. The down-takes into the flue 
were in the floor, so that the heated gas came in at the top and 
flowed down and went out at the bottom. It worked well in some 
respects, but had this defect, that the boxes in the upper part of the 
chamber were heated more rapidly and to a higher degree than the 
others. The chamber contains twenty-four boxes, in rows three 
high, and the upper tier of boxes always showed a different result 
from those at the middle and bottom. Last spring I altered the 
furnace by having the bridge-wall carried up to the top of the 
chamber, and checker-board openings made through it, so that the 
gas was delivered in a number of small jets through the whole 
furnace, the down-takes being left in the original condition. We 
now get uniform work from each pot, regardless of it8 position. I 
am at present designing a new furnace, but am going to make the 
outlets correspond with the inlets, the areas of the different open- 
ings in the checker-board bridge-walls being proportionate to the 
intensity of the draft at the top and bottom of the furnace, and I 
think that this will give a still better result. 

Mr. A. H. Emery.—One excellent point in regard to the method 
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of carrying the draft which Mr. Dodge has mentioned is this— 
that in carrying off at the bottom he is all the time taking off the 
coldest gases instead of the hottest; in this consists much of the 
economy of taking off the gases at the bottom, 


No. 240.—30. 
Which do you prefer, a feed-pump or an injector ? 


The Chairman.—I presume the point of the inquiry is to know 
which is the better to adopt for ordinary purposes. For any im- 
portant steam plant the question is already settled pretty con- 
clusively. But it is not always clear to persons who have occasion 
to buy small steam-engines or boilers whether they need a steam 
pump or injector, and I take it that that is the point of this in- 
quiry. 

Mr. W. C. Kerr—We furnish both of these articles in connec- 
tion with steam power plants. Our experience has been that we 
furnish more pumps than injectors. It is also our experience that 
sometimes engines and boilers are put into incompetent hands, 
and that in such cases the feeding will be better done by an_ injec- 
tor. It is merely a fact without any reason why. I think one 
reason why, is, that small pumps are generally so cheaply built. We 
have had occasion in buying small pumps for several purposes to 
ship 4 pump from the factory to the repair shop and have it re- 
paired first and then send it out for use. 

Mr. C. M. Giddings.—It las been pretty hard for us to decide 
which we like best ; we have now come to putting on both. In our 
electric light plants we put on both as a matter of caution and neces- 
sity. We find it difficult to get a small pump well enough made for 
us to be willing to pin our whole faith to that alone. As to the 
amount of trouble we get with injectors and pumps, it is pretty 
nearly divided after the observation of several years. We cannot 
find any kind of jet apparatus or pump which will give us less 
trouble than the other one. We cannot trust either alone, and the 
tendency seems to be pointing towards the adoption of two. We 
now prefer two injectors of the simplest possible type to run, be- 
lieving that we are escaping much of the trouble which is 
common to the average cheaply made pump. | 

Mr. J. W. Cole-—Some years ago, I favored putting in the hands 
of the ordinary engine driver and fireman, for a boiler feeder, 4 
small steam pump, and to have it a plunger pump, simply for this 
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reason : that if a piston in the water cylinder began to leak, the man 
who was firing the boiler and runing the engine frequently dis- 
covered it first by having low water in his boiler; but if he had a 
plunger pump, there would be a spurt of water coming out, and he 
would find it out before his boiler had low water. 

Mr. W. B. Le Van.—A)out ten years ago, I made a series of ex- 
periments in regard to the economy of belt-driven and steam pumps 
and also injectors. With the original Giffard injector, which was 
first made in this country by William Sellers & Co., 1 found that 
the excess of cost with an injector, by actual test, was ten per cent. 
over that of the belt-driven pump, and over that of the Worthing- 
ton pump, in good condition, it was twenty per cent. The advan- 
tage of the injector over the belt pump was, that it could be run at 
any time. The injector, by partially acting asa heater, and heating 
the water up, proved the better one of the two, although it was a 
little more expensive. The steam pump’s loss was due to the fact 
that the exhaust was not utilized for heating as with the injector. 


No. 240.—31. 


What is the best way to separate grit from grinding rooms and 
prevent its dissemination in yards and shops ¢ 


Mr. J. M. Dodge.—I would state that we exhaust all the dust 
from tumbling barrels and emery wheels. The first method which 
we used was to take pipes from the barrels right to the exhaust 
fans, but now we have introduced this change, that between the 
fan and the barrels we built a room thirty-five feet long and ten 
feet square, and made it air tight. I brought the pipes into the 
room, and from a crevice on the other side I brought a fan-shaped 
pipe to the exhaust fan. The dust would come into that room with 
just as much velocity as though it was a small pipe, and when it 
got in there it would come to rest. It would settle there, and then 
the air would go on out through this long slit. The consequence was 
that the fan did not wear out, and what little dust went past that 
was caught by running over a series of boxes where there were al- 
ternately hanging partitions and upright partitions, and finally the 
current was blown on the surface of water. 

Mr. C. M. Giddings.—I would say in regard to this subject 
that at Massillon, our people, after having been guilty of man- 
slaughter for several years, determined to adopt some method of 
abating the dust nuisance. We covered each one of our tumbling 
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barrels and grindstones with boxes. From the exhaust fan we 
carried it outside of the building to an eighteen-inch sheet-iron pipe 
leading out into a vertical chimney (Fig. 104), of about eight feet 
in diameter, the total height of which would be in the neighbor- 
hood of eighteen to twenty feet, A B representing the ground 
line. The inlet pipe was brought into the chamber a little below 
the center and opened at a right angle. A half-inch water pipe 
with a pressure of about forty to fifty pounds per square inch, hav- 
ing a cap at the end, with an 4 hole in it, opened directly 
against a small plate under the apex of the cone. This served to 
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divide the water into a spray throughout the entire cross-section of 
the chamber which moistened the dust. The result is, that a very 
great proportion of it falls to the bottom in the shape of a thin mud 
which can easily be washed out with a hose. The portion of the 
dust not moistened sufficiently to be precipitated was caught again 
in the filtering chamber (C), there being two perforated plates, one 
above and one below, as shown, filled with coke and similar sub- 


Fig. 104 


stances from the size of a man’s fist down to the size of an egg or 
larger, with some fine material mixed in among it. This should 
be renewed in about sixty days. In connection with this we were 
enabled to get rid of nineteen-twentieths of the dust, the balance, 
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which went through the escape-pipe, being so slight as to form no 
objection whatever. That has been running successfully for the 
past eight or ten months, which is due in a very large measure to 
our worthy member, Mr. Charles Bauer, of Springfield, who gave 
the suggestion. I have used it very successfully, so much so that I 
can well recommend it to others. 

Mr. W. E. Partridge.—Excelsior has very successfully replaced, 
on a small scale, the combination of coke and other materials in the 
upper part of the chamber. The excelsior is usually placed on 
wire gratings, so as to keep it from packing and to enable it to be 
moistened uniformly. The air is forced through it as in the case 
mentioned ; the great extent of moist surface acts in the same way 
that prepared cotton does in sifting germs from atmospheric air. 
It takes up the dust and holds it very closely, and where it has been 
used in very dusty air, and a large quantity going through, a com- 
paratively small amount of excelsior has done very much good. 
The excelsior does a greater amount of separating than would be 
expected by one who has had no previous acquaintance with it. 
The use of the material in some such way may be valuable in the 
construction of separators in a large way. 

Mr. Henry R. Towne.— Both methods which have been described 
embody a common feature which I have used for a long time with 
good results, namely, that of a settling chamber, a great enlarge- 
ment of the pipe with the proportionate decrease in the velocity of 
the current, thus allowing more or less of the material to settle. 
I have used this plan in connection with emery wheels and with 
butting wheels for various kinds of metal. There are still difficul- 
ties remaining, however, which make it no easy matter to extract 
the whole of the metal from a current of dust-laden air. 


Perhaps at another session I will have something more to say on 
this subject, supplementing what Mr. Giddings has presented. 


How may drawings be made and the contraction and expansion 
of the paper be avoided ? 


Mr, Oberlin Smith—I have found by experience that the best 
Way to prevent drawings from expanding is to let them expand, 
and the best way to prevent them from contracting is to let them 
contract. If you do not let them, they will do it anyhow. 
(Laughter.) 
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q The next question is, how to get rid of the evé/s due to the expan- 
sion and contraction. I know of no kind of drawing paper—I wish 
there was some—which is not very materially affected by the hydro 
metric condition of the atmosphere. I have recently had my 
attention called to this matter in a very practical way by having to 
deal with gangs of dies for cutting playing-cards, fifty- -six at a time, 
from 22” x 28” paper. In thus eutting cards out of such large 
sheets, it was found that a slight difference of dampness in the 
paper white lying piled in different parts of the room—or in differ- 
ent positions in the pile—some of it with air blowing on it from 
windows, etc., made a difference of about twenty hundredths of an 
inch between the largest and smallest of the various sheets. In this 
work they print both sides of the cards before cutting, either from 
a stone or from a relief plate; then they pile them up and get them 
as nearly of a uniform dryness as possible. If, however, they are 
not cut perfectly true by the printing, there is a Bice chance to 
make money by players who watch the backs of the cards, a fact with 
which you are all doubtless practically familiar. (Laughter.) Cards 
which are cut unevenly with the printing of the backs have to be 
sold as “seconds” and “ thirds,” at a low price. The way decided 
upon for the case in question was to sort the paper into four or five 
different grades, just before cutting, and then bring it to one gang 
of dies for one degree of expansion and to another set of dies for 
another degree, and so on—using five gangs of dies varying by 

about five hundredths of an inch from each pet in total length. 
Many years ago—I think over twenty—Professor Webb and I, 
who were then in partnership, started a system of using cross-ruled 
paper for drawings. This is, of course, frequently used by civil 
engineers and dihees for profile work, but we got up our system 
for ordinary machine-shop practice. I have used it ever since witli 
great succcess, and would not be without it now, on any account. 
My paper is ruled in inches and eighths usually, the latter marks 
being the finest, and all of them ina pale pink color, so that at a 
distance they are not noticed enough to disfigure the drawing. 
This is very convenient for quarter-scale or for eighth-scale draw- 
ings; or it can be ruled to order to suit any particular kind of work. 
The measurements do not get wrong; you do not have a number 
of errors added together in a long dimension—I mean in cases 
where the drawings lie about a good while and have not been “fig- 
ured up.” And this ruled paper is of great advantage in laying 
off work rapidly, especially in symmetrical work, where any one of 
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the red lines running through the paper can be selected as an axis, 
and work laid off either side of it by the eye, without having to 
measure. I think for ordinary laying out purposes, an average of 
half the time issaved. This isan important advantage, in addition 
to its merits in regard to expansion and contraction. I would not 
make scale drawings on plain paper at all. It is, moreover, not 
only useful for permanent scale drawings, but for sketching free 
hand, approximately to size. 

A Member.—Dv you know if there is such a paper in the market ? 

Mr. Smith.—I have not been able to find any, except some that 
Queen in Philadelphia had, ruled in tenths, which he charged 
fifteen cents a sheet for, where it costs me about six. The paper I 
use is the heaviest Western ledger-paper, and is sold at $50 a ream, 
in some very large sized sheets which I have cut to 24" by 36". It 
is strong and tough; I had it ruled to order and sent a draughtsman 
to the place where the ruling was done to superintend the work. 
Ife took steel scales with him and spoiled several sheets of paper 
until he got the rulings right. I intend some time to make a plate 
by which I can print the lines accurately. I attempted to have it 
printed by the steel-plate process; either sinking the lines in a steel 
or brass plate, or in a lithographic stone. I finally decided on the 
latter, but was told by the lithographic printer that the paper would 
shrink nearly a quarter of an inch, on account of the exceeding 
dampness necessary for the printing. I think there ought to be 
some good relief plates made to different scales, for dry printing, 
by somebody, at any necessary expense. These should be accurately 
and carefully made, and a paper printed and put upon the market 
for the benefit of all machinists. It would be a very valuable boon, 
I think, to all those designing people called draughtsman. 

Prof. J. B. Webb.— As Mr. Smith has used my name, I would like 
to say something on thissubject. In giving instruction in technical 
schools, I have felt the necessity of using cross-section paper in a 
variety of ways, and believe it is desirable that the student should 
commence to use it at once, and learn the many uses which it will 
serve, not only in making drawings to scale, but in working all sorts 
of graphical problems, such as getting the strains on a bridge, where 
we wish to measure the results to scale. I found no paper in the 


market which was at once accurate, cheap, and in sheets small enough 


for class instruction ; [therefore got up aruling-machine of my own, 
and put it in charge of a student, and so got along for a number of 
years, The paper was ruled in ten per inch squares with a set of 
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accurately made bookbinders’ pens, kept for the purpose ; but it was 
not as good as I wanted, and I have therefore had engraved, for use 
in this Institute, a relief plate as accurate as could be made; to en- 
able you to judge of it, 1 will pass some of the sheets around. 
You will notice that the lines are numbered along the edges, so that 
I can give a definite problem to a class; I can say “* Draw a bridge; 
put one abutment at 10-23, and the other at 25-23,” etc., ete., and 
so I can lay out the problem in such a way that when the student 
works it he will not find that part of his drawing runs off the paper. 
This paper can be furnished for two or three cents a sheet. There 
is another seize twice as large as the sheets you are examining. 
When we get out an edition, at the same time, and on the same 
paper, we print a few sheets with darker ink, and these are cut up 
for scales. I was led to this by finding that the paper scales in the 
market would agree neither with wooden scales nor with any paper. 
I found also that if we made the scale of our paper half-inch, some 
students would make their drawings partly with a paper scale and 
the rest with a wooden one, if it happened to be at hand, and tell 
me they didn’t know that it would make any difference. Students 
will make all the mistakes they can, you know, so as to find out 
something. Now, I did not want to be troubled in that way, so | 
made the scaie of the paper half way between the centimeter and 
the half-inch. The smallest division, therefore, is slightly larger 
than a millimeter, of which you can estimate tenths, and thus get 
easily as great a degree of accuracy as is practical in working on 
paper. 

Mr. W. E. Partridge.—There are a good many more advantages 
in paper of this kind to the advanced engineer than are seen in 
first taking up the paper. Two years ago, I had occasion to ask 
a draughtsman to make me a scale drawing from a machine. 
The first thing, of course, was to make a free-hand sketch, and 
then put the dimensions on it. He had started and got an 
elevation partly finished. [I found that his estimate of four or 
five days’ labor was absolutely correct. I felt perfectly satistied at 
the price I was to pay for the job, but I did object to waiting so 


long for my sketches. I therefore obtained some ordinary cross- 
section paper, and suggested that he make a free-hand sketch to 
scale. The result was that, instead of five days of drawing, the 
first set of drawings were finished in three days, and were accurate 
enough for the engraver. If the professor would have the paper 
printed in Prussian blue, a drawing made in India ink can be 
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finished up to any extent, and then, by the use of a weak alkali, the 
lining can be bleached out, leaving the drawing on white paper. 
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The question of the expansion and contraction of drawing paper 
is much more irregular than most of us suppose. Some of the 
finest English drawing paper has been tested during the past two 
years, mounted in various ways and stretched, and the rate of 
expansion and contraction in different parts of the same sheet 
plotted as a very irregular curve. No two parts of a large sheet 
of say Whatman’s paper would keep up the same rate of expan- 
sion and contraction. It varied not only in different hours of the 
day, but in different days of the month, and in different months 
of the year, and, unfortunately, there was no end to it. For many 
purposes, a sheet of paper which would stay in place is highly 
desirable, and if cross-line paper may not always answer, a good 
strong drawing-board, or a good board of narrow white pine strips, 
can be depended upon to make a very uniform rate of shrinkage 
through a long time, and if properly shellacked or varnished on 
the side away from the drawing, is as nearly accurate as any surface 
on which we can make drawings if we except sheet zinc, sheet brass, 
or sheet copper. On two occasions I have found it necessary to 
have my paper so that I could plot on it toa thousandth of an inch, 
and recognizing the fact that Mr. Smith spoke of, that the best 
way was to let it expand when it wanted to, and contract when it 
wanted to, I concluded I would do neither, and I used a strong 
white glue, glued the whole surface of the paper and board, and 
put the paper down as one would put on a veneer. 

Mr, W. I. Wetghtman.—My opinion in regard to this paper of 
Professor Webb's, based upon some twenty or more years of ex- 
perience, is that I should not care to use it very steadily, even for 
u few days at a time. Since 1863 I have been making drawings, 
fine and coarse, ornamental and mechanical, and so far have not 
been forced to use eye-glasses. I should not care to insure the 
eyes of any one using this paper, should they attempt to work it 
steadily any length of time. 

Mr. G. H. Babcock.—There is one point in regard to the shrink- 
age of paper which [ have not heard mentioned, and which is not 
generally appreciated; and that is that the same piece of paper 
does not shrink equally in different directions. My attention was 
lirst called to this by the late J. Morton Poole some years since. 
Ile was making some paper rolls for calender work, and he told 
me that the disks of paper piled upon an arbor, compressed, turned 
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off, and then accurately ground, would shrink so differently that 
the roll would be all ridges and hollows in a very short time. 
The only remedy was to be very careful that the disks were placed 
with the lengthwise direction of the sheet all one way, so that 


when they contracted through, the roll was not round, it was: 


smooth on the surface. 

Mr. L. Herman.—As an improvement on Mr. Partridge’s method, 
I would suggest the use of the white of eggs instead of glue. This 
is spread uniformly on the back of the paper after beating it to a 
foam, or dissolving with a little ammonia. The paper is then 
stretched on the board and allowed to dry. While the sheet so 
treated will adhere firmly to the board for any Jength of time, it 
can, when desired, be easily removed by lifting it from one corner. 

Mr. W. B. Le Van.—The difference of shrinkage along and 
across the sheet is due to an unequal tension of paper on the dry- 
ing rolls. A friend of mine fonnd that a paper machine would 
vary the lengthwise shrinkage by increasing or decreasing the 
tension of the sheet in drying. By carefully manipulating the 
tension, he found that he could make the paper shrink on an aver- 
age nearly equally in both directions. 

Mr. A. H. Emery.—I have been using, for a number of years, 
a paper called linen woven paper, made by Byram, Weston & Co., 
of Dalton, Mass. The size which I have been using is 31 inches 
by 23. I use this on a white pine drawing-board, and I find that 
my white pine drawing-board will shrink, in a year, several times 
as much as the paper will. The paper changes itself but very 
little. It will change, from time to time, between morning and 
noon, and noon and night, as much as it does change in the whole 
year. If I take the Whatman papers, we have a different ex peri- 
ence; the drawings figure up wrong. They shrink and change 
dimensions greatly. But from the paper I speak of I can take off 
measurements with the scales after years of preservation with 
accuracy. 

Mr. W. O. Webber.—I would like to say that we have been using 
the same paper which Mr. Emery speaks of in our shop for nearly 
four years, and I can corroborate exactly what he said. Besides, it 
has the advantage that we are able to make blue prints from it 
without making any tracing. 

Mr. C. T. Porter.—I would like to ask, Is this matter of so 
much consequence as it would seem to be from the discussion ‘ 
As all drawings are or ought to be completely figured, and no 
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workman ought ever to put a scale on a drawing, is it, except in 
rare cases, of any consequence whether a drawing duielis or not, or 
shrinks unequally more or less? Is it really a point of much im- 
portance ¢ 

With respect to drawing-boards, ] would say that I have found 
drawing-boards shrink still more than paper. I had a board lately 
four feet wide, and it shrank an inch and a quarter in width 
within tw years. I found that it was an inch and a quarter 
narrower than it Was originally. This was in the winter, when 
there was steam-heat in the room, Last summer I went to show a 
friend that it had shrunk an inch and a quarter, and it had gone 
back three-eighths. 

Mr, A. C. Campbhell.—1 lave found some difficulty of the same 
sort, and made sets of drawings right through on card-board (22” x 
28"), not Bristol-board, but a tinted board, something like that used 
in making mats for pictures. 1 coated them with white shellac on 
both sides. They have been in use for two years, and as far as you 


can see, they hold their own right along. There seems to be no 
variation from the original scale. The drawings are all figured to 
show this. I only speak of this to show the posssibility of using 


paper of an extra heavy grade. When we first shellac them, they 
expand, as a matter of course, but on drying return to their original 
size. 

Mr. Oherlin Smith.—1 will say, in answer to Mr. Porter, that it 
does not make very much difference about the paper being a differ- 
ent size frofm normal as regards the workman reading, after dimen- 
sions have been all put on (if they have); but it does make a won- 
derful difference when a man commences designing a machine and 
has the drawings lying around for days, weeks, and months, as 
is often the case, and cannot remember all his own distances. 
Whether on a damp summer morning, with the windows open, they 
lave grown, or on a crisp, cool morning, with the room heated, they 
have diminished—perhaps a sixteenth, perhaps nearly half an inch 
—it does make a difference. When a man has a lot of meas- 
urements, and tinds the next morning that they have all changed, 
it nakes him mentally profane. 


Can you give any data from your own sialic as to the 
power required to drive modern American machine tools / 


Mr. 


Wilfred Lewis.—We lave made a few experiments in this 
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direction, and what we have done began in connection with : 


experiments on gearing, to determine the power required to drive a 
48” lathe, soas to compare the efficiency of spur and worm gearing. 
In making those experiments, | noticed a peculiar phenomenon, 
which seemed altogether paradoxical, but which was nevertheless 
repeatedly confirmed, namely, that when running at full speed, it 
required more power to drive the lathe empty, with the cone dis- 
connected and loose on the spindle, than it did to drive with the back 
gear and the spindle thrown in. In the former éase, the belt pull 
on the small step of the cone 14” diam. was 27.5 |bs., and in the 
latter 25.8 lbs. The face plate and spindle were very heavy, and the 
reduction was about 38to 1. The only explanation I can suggest — 
is, that the extra work of driving the back gear and spindle was_ 
more than offset by the improved lubrication of the cone pulley, 
due to the revolving spindle. A similar phenomenon was again 
noticed in the machinery for driving a traveling crane, in which 


a cut-off was used to stop the motion of a Jong train of gearing, 


allowing the first set of gears to stand upon a revolving sleeve, 
when it was found that the friction of the sleeve alone was neh 
often sufficient to start up the whole train of gearing. The ex- 
periments on the lathe were continued to determine the power 
required for cutting various metals and the relative amount of 
power with different forms of tools, but I do not know whether that 
question is in order. 


The Chairman.—We should be very glad to hear from you, Mr. 
Lewis, on the subject. ° 

Mr. Lewis.—The power required to remove a given amount of 
metal depends very much on the shape of the cut and the shape of — 
the tool used. If the cut is very nearly square in section, the amount — 
of power required would bea minimum. If it is very wide and thin, — 
it would be a maximum, The amount of power required to take a 
ent depends upon the sharpness of the tool and upon the form of 
the cut. If it is comparatively square in section, if the feed is 
about equal to the depth of the cut, it is not a very serious matter 
to have a dull tool. The metal is broken away from the head of 
the tool as though it were a wedge, and the edge of the tool hardly 
reaches the metal at that point. It piles upon the edge of the too! 
and forms a wedge. The resistance per square inch in the metal 
varied in these experiments from 700,000 to 180,000 for steel ; cast 
iron, about one-third, 


The Chairman.—That is, per square inch of section removed / 
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Mr. Lewis.—Per square inch section removed, I think the best 
form of tvol is one in which the principal amount of cutting is done 
in advance of the point. The point ought to droop, so as to split 
off the heavy amount of metal and leave only the light amount 
that remains for the point of the tool. The dullness of a tou! affects 
but little the power required with a very heavy cut. It affects it 
with a light eut, but not so much with a heavy cut. 

Mr. A. C. Hobhs.—! do not know that I can give you anything 
very scientific on this question, but I can give you some data from 
my own experience as to the power required to turn modern 
American machine tools. We have an engine with an eighteen 
foot fly-wheel, on which are two loose running belts, each three feet 
wide. Around through the factory I have belts which I know will 
drive any machines that we have to work. I find that very satis- 
factory. I think if the gentlemen put on their belts wide enough, 
and have them good, that they will find all their tools cut right. 
(Laughter. ) 

Prof. Gaetano Lanza.—I lave at home a few data which bear 
upon one phase of this question. Last year there were two of our 
students who took up as an investigation the question of the pres- 
sure on different shop tools used in a lathe and planer. The lathe 
and planer were of medium sizes, and, of course, the chips were not 
very heavy, and thev weighed the presssure of the tools, taking a 
number of different shaped tools. I merely mention it so that if 
there is any one present who is interested in these data I shall be 
happy to let him see them. 

Mr. T. S. Crane.—The power required I think could be readily 
deduced from the speed of the belt and the width of it. It is very 
well known that some lathes will not run with a two-inch belt; you 
have to put on a three-inch belt. So it seems to me that any one 
who is interested in determining the power required to drive 
different sized lathes already in operation, with maximum resist- 
ance, could ascertain that readily by ascertaining the speed of the 
bolt used and its width, 

Mr. G. IT. Babcock.—I do not suppose that any of us have ex- 
perimented sufticiently to answer this question with the degree of 
accuracy desired in these discussions. The older class of engineers 
have been in the habit of depending on the “ rule of thumb” a good 


deal, and have mostly used guess-work to determine how many horse- 
power to put in to drive a certain machine-shop. Those who have 
made investigations find that the power required to drive the tools 
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-in such a shop is very small. I have driven a good-sized machine- 
shop with, I should think, not less than twenty men at work, with 
two horse-power. I have a sort of a rule for general work, which 
of course has to be varied according to the kind of work done and 
the character of the tools. At an average in ordinary mac \ine 
work we may ealeulate roughly that one horse-power is sutticient 
to drive machine tovls necessary to keep ten men at work. This 
does not necessarily, however, include shafting, engine, etc., nor 
blowers for foundry work. 
Mr. A. B. Couch.—The question of how much power is required 
to drive modern machine tools is about as indefinite as any that 
could be put. (Laughter.) What a machine tool is, is slightly in 
donbt. What a modern one is, is very much in doubt ; and what 
‘a modern machine tool is required to do, is still more so. It 
appears to me, at least Tam in the habit of regarding the matter 
in that light, that the power which can be profitably and properly 
supplied to any machine tool should be measured by that which 
can be transmitted to it by the belt by which it is driven under 
ordinary tension and under ordinarily favorable circumstances ; 
that the first thing that should happen, in case too much were 
required of it, should be the slipping of the belt. That would 
require a separate answer for each individual tool. I cannot see how 
it would be possible to arrive at any detinite statement of the 
power required to drive, for instance, a given number of planing- 
machines or lathes. For, in business of some kinds, all of them 
will be in nearly continnous use and to nearly their full capacity ; 
while in other cases, the duty demanded of them would be light, 
and perhaps intermittent. 


= 


The. matter of drilling can be considered somewhat more 
definitely. For instance, if the product of the diameter of a pulley 
in inches, by the width of its belt, by the ratio of its velocity to 
that of the spindle, be about sixty, there will be belt force sufficient 

to drill one-inch holes in steel. And that product should vary 
about as the squares of the diameters of the holes, since the metal 
removed at a revolution of the drill thus varies; and when the 
velocity of the drill appears as a factor, it will be found that the 
velocities being nearly inversely as the diameters, the power re- 
quired will vary about as the diameters ; ‘and though the force in- 
volved in drilling cast iron is less, yet, a greater velocity bein. 
admissible, the power actually expended remains much the same. 
So that, the work intended for a drilling-machine being known, 
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the required power may be stated very approximately. Dut as for 
answering the question, What amount of power is requisite to 
drive modern machine tools, I give it up. (Laughter.) 

Mr. Wm. Nent.-Mr. Babcock, I think, gave an instance where 
twenty men in a machine-shop required two horse-power. I have 
an instance in my own experience where the power required was 
only forty times as much as that. There was only one workman, 
and the tool was an emery planer. When the steam pressure 
in the boiler registered sixty-five pounds, the planer would run; 
when it got to sixty pounds, the planer would stop by slowing 
down a four horse-power engine. 

Mr. W. H. Doane.—I think we ought to have the maker’s name 
of that first engine, as well as the manufacturer of the tools, placarded 
where we all could see it, and order a few when we get home. 

The establishment with which I am connected, I regret to say, 
have not yet been able to secure such results. I do not think it 
possible, with two horse-power, to run any shop equipped with 
modern iron tools, and do the work sufficient to give employment 
to ten men, or the amount of work every first-class shop is expected 
to produce in a certain length of time with its tools. It may have 
been done twenty-five vears ago when one eighth of an inch cut 
in wrought iron with a planer was considered unusual. With 
modern first-class tools, we are not satisfied with this limited 
amount, and cuts even in steel are made in some cases now from 
one to two inches wide at one cut. To do this requires power. 
~The size of the belt and its amount of slippage are not the only 

conditions. 

It is well known that, with two tools of the same size, but of differ- 
ent designs, with the same work given to each to do, the result is 

different. One requires more power to displace the same amount 
of metal than the other, You ask, why thisisso? It may be 
accounted for in the more perfect construction, as well as better 
adaptation for the work which it has to accomplish, and which gives 
‘it greater ability to perform the allotted work. 

The works of J. A. Fay & Co. use fully one hundred and fifty 

horse-power to drive their tools, and with this power the productive 

_ ability of the tools is about sufficient for furnishing the work for 
- four hundred men only, and I think these results about as good as 
_ the average of best shops. 

Now, while I am much gratified to hear the report given of the 

success of the two horse-power engine, I am also so much sur- 
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prised to hear that there are shops where two horse-power is_ suffi- 
cient to run tools sufficient to get out the work for so many men, — 
that I would like to secure the receipt for the process and put it- 
into application. 

Mr. Wm. Hent.—I want to placard the name of the man who 
built that four horse-power engine. It was Mr. Babeock. (Laugh- 
ter.) 

Mr. Babcock.—Mr. Chairman, you will allow me to answer the 
question of Mr. Doane. The engine which drove the machine- 
shop I was speaking of was a Wilcox caloric engine, which could 
not by any possibility do more than two horse-power, and it drove 
the shop. Of course, it was not doing such work as Mr. Doane has— 
to do in his shop. The power required depends on the kind of 
work you are doing and the tools used, so that in general you 
must “ent and allow” more.or less if you are going to do close 
guessing. (Laughter.) For instance, milling tools require more 
power than lathes and planers, and they will do more work in a_ 
given time. I have an example in point. The Singer Mann- 
facturing Company turn out a thousand or more sewing-machines 
per day. The work is largely done by special tools, very many of - 
which are milling machines, and each man attends a number of 
tools. There are in the inachining department some 2,200 men, and 
460 horse-power is used to drive the tools. This is nearly five men 
to the horse-power, under circumstances where a minimum of men 
for the work done is carefully maintained. 

Mr. A. H. Raynal.—At the works where I am engaged, there 
are employed about 500 men, working at tools, which are driven 
by two engines, one of 75 the other of about 30 horse-power. 
The principal part of this force is, however, consumed in the trans. 


mission of power, and in the driving of large traveling cranes and _ 
elevators. I have tested the power absorbed by large tools when — 


running loaded, withont doing work, and-again while cutting, and 
have found the difference hardly perceptible. 

Mr. Daniei Ashworth.—I agree with one of the speakers who 
preceded me in stating that a small amount of power will be ab- 
sorbed under ordinary circumstances. When we come to the factor 
of a fan, then that of course changes very radically the power 
absorbed in an establishment, and the question brings to my mind 
a personal experience of my own. In an establishment where it 
was represented by the maker that a fan would take six horse- 
power at a certain speed, an engine of fifteen horse-power was pur- 
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chased with a view to introducing at a future period an electric light 
system. It was found, when everything was erected, that it was as 
much as a fifteen horse-power engine would do to drive this fan 
alone; and careful tests made showed that this fan absorbed 15,'; 
horse-power. This is a very common error as regards rating the 
power necessary to drive high speed machinery. Wood-working 
machinery requires, of course, a great deal more power than that of 
the iron tool departments. In the case of the Rochester Tumbler 
JYompany, of Western Pennsylvania, a large fan was rated as 
needing twenty horse-power to drive it, but when tested it ab- 
sorbed nearly fifty horse-power—48 and a fraction, I think. The 
statement and the tests were questioned very much, and immediately 
afterward an independent engineering company tested that plant 
again without any knowledge of the previous test, and the test re- 
vealed the fact that it actually took fifty horse-power to drive that 
fan alone. So in estimating the power necessary to drive these 
tools there is a wide departure from the idea of driving simple 
lathes and iron-working tools. There is nothing so erroneous, as 
the masses take it, as the idea of the power absorbed in the driving 
of high speed machinery and fans. I know of one case of a fan 
with a 44-inch wheel, driven at 1,005 revolutions, absorbing 44 horse- 
power. The engine to drive that establishment in all its depart- 
ments would have very little effort to do it; but throw the fan 
upon it and it is greatly taxed; so that these points are very 
important in considering the power necessary to drive machines. 
Mr. G. L. Fowler.—I have in mind a little shop I had charge of, 
about which I can give very accurate data. The engine-was a 5” x 
12”, with a cut-off at 3} stroke. The boiler carried 75 pounds of _ 
steam. We had two lines of shafting not more than 20 feet long 
each, and underneath there were a 42-inch swing lathe, two lathes 
with 20 inches swing, and two with 10. Besides this, there was a 
drill and planer and a Sturtevant fan capable of supplying the air 
for three ordinary blacksmith’s forges. That engine would run 
125 turns with perfect ease, but right near the engine was a little 
nine-inch emery wheel belted down from a countershaft, which, 
when thrown on, would lag the engine every time. We had taken 
all the power out of the engine we could possibly get, and the addi- 
tion of a single emery wheel would invariably decrease the speed. 
Mr. Arthur Falkenau,—It is possible I may be able to give some- 
thing that may be somewhat reliable. I had a shop out at Leadville, 
Colorado, and had an engine there which I indicated at seventeen 
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horse-power, running all the tools, which were three lathes of. 


ordinary size, from fifteen to twenty-six inches, planer, bolt-cutter,— 


emery wheels, and a fan for supplying a cupola; and when takin 


> 


that diagram, I found that it was all I could do to keep the engine 


to its work. But as another gentleman just remarked, fans generally 


require more power than is supposed, so that I stopped all the ma-— 


chinery, suspecting that the fan was probably taking more power 


than everything else, and I applied the power solely toward driving 


the fan. It was a Sturtevant fan said to require ten horse-power. 
I was satisfied that it required more, and I found that my fan took 


about twelve horse-power, leaving about five horse-power to drive | 
the tools. 

It should be said, by the way, that it takes there a greater power 
and higher velocity to acquire a certain pressure—the altitude of | 
Leadville being ten thousand feet—tban it wonld here, although in 
that instance I was not able to verify the question. I had occasion | 


in a smelting works to observe that. I calculated in advance that 
it should take a higher speed and more power than the Sturtevant 
people rated their fan as needing at the sea level, but the mining 


engineer thought that he would base his work on the data given by — 


the Sturtevant people. When the fan came, they had to increase 


their power. 
Mr. W. HW, Weightman.—F rom my own experience I find that the 
answer to this question depends considerably upon a second question 


as to who wants to know? I had a case some time since in which 


the dispute was between a landlord and tenant. When the regular 
measurement was made, all the tools were apparently in good use 
and working to good capacity—the landlord and his representatives 
being on hand. The test developed some five horse-power required. 
Two or three days later, thinking this five horse-power rather small, 


I made a second test. This time the landlord was not around. | 


found that with the same tools in operation, same busy appearance 


and capacity, there was a demand for over twelve horse-power. 
Upon such experiences as this we may safely aftirm that the answer 


to the question under discussion depends greatly upon “ who wants 
to know?” 

The Chairman.—I may mention that in the Yale and Towne 
Works we use from 125 to 150 horse-power, and are in the habit 


of indicating it weekly. By reason of the large number of fan 


blowers in use through the works, our constant resistance, including 


friction of shafting, etc., is more than one half of the total power 


— 
| 
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used, so that the remainder, which will vary from 60 to 75 horse- 
is all which is utilized in the driving of machine tools. 
We are employing over five hundred hands; a considerable part of 


the work is light, but two of the shops are running on heavy work. 


power, 


I agree with some of the previous speakers as to the fact that the 
amount of power required is often overestimated. Undoubtedly 
it is due in part to the fact that there is hardly ever a time when all 
the tools are in operation at once; the work is intermittent with 
each, and is thus averaged. 


4 
No. 240.—34. 


What are the best conditions for flying rope for transmission of 
power’ Are there limitations to its use ? 


Mr. T. 8. Crane.—In using such ropes, I have been annoyed more 
by the vibration of the ropes between pulleys than anything else. 
If any species of support were put up to catch it, I found it would 
cut it away. If any one has been able to use such a construction 
without meeting that difficulty, or has learned how to overcome it, 
I would be glad to hear it. 

Mr. C. C. Hill.—I do not know what the effect would be of what 
I am about to suggest: but a little simple remedy occurs to me 
employed on band saws, that is, to put a disk 
contact with the flying rope with its flat face 
against the rope ‘eal the center of motion of the disk either below 
or above, so that you will have the whole face of the disk to wear 
away instead of having the groove in a pulley 


which is sometimes 
pretty cle sely i 


It would be con- 
tinually changing its face, and probably give pretty fair results. It 
does on band saws I know. 

Mr, Allan Stirling. ago, I arranged to run a small 
machine and blacksmith shop (using a power hammer, a fan, and a 


-Some years 
few machine tools) from a mill which was driven by a large water- 
wheel. Wire rope transmission was adopted as the best thing. It 
was soon after it had been brought out by Mr. Hirn, and everything 
was arranged to the very best advantage from the latest information 
obtainable. Large sheaves with leather filling were used. The 
whole arrangement proved unsatisfactory and troublesome, and the 
ropes wore rapidly. I have had more experience of.the same kind 
since, and my impression is that the advantages to be derived from 
transmission have been very much overestimated, 

r. od. Hawkins.—In answer to the question of the first 


q 
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speaker on this subject, I would say that I have never seen any 
experiments tried for the purpose of doing away with the vibrating 
movement which is generally found in such ropes, but I have 
observed them very frequently, and noticed that this is a great 
detriment to their proper action ; but it has occurred to me several 
times in connection with them that the most feasible thing to do 
in such cases, to prevent that peculiar pendulous motion they 
acquire, would be to put some guide—either pulleys or some other 
form of lateral guide—at certain points in the length of the rope 
between the pulleys. It would break up that oscillating or vibra-_ 
tory movement which is set up in the rope, due to its length, 
probably conjoined with its velocity. There appears to be no 
doubt that in such ropes we do get something like the vibration 
of a musical string; that there are certain nodal points in them, 
and a certain vibration is set up as governed by the tension of the 
eatenary and the velocity. The methods used to avoid that, I notice, 
are to place some lateral guiding object near the pulleys, and it 
invariably fails, by the ropes cutting into the guide. It fails even if. 
they put lateral pulleys at that point. The rope continues to sway 
at other points, simply because they do not carry the point of 
contact of the lateral guides to the place in the rope which will 
break up the vibrations of the rope due to its length, and the 
condition of the curve and the velocity. My idea is, that it might 


be advantageous to place one or more lateral guides in such posi- 


tions as to divide it up in such a way as to prevent the nodal 
points forming under any conditions of speed to which it is sub- 
jected. 
Mr. C. M. Giddings.—In the early history of Sibley College, ” 
Cornell University, we had the problem of transmitting power by 
a wire rope, a distance of eleven hundred feet from a water- 
wheel in the gorge below, and I remember very well the difficul- | 
ties encountered, first, in putting up the rope, but more especially 
in maintaining it, and in keeping it in running order, and in get-— 
ting it to last a reasonable length of time. I regret that Professor 
Sweet is not here to give the facts connected with it. It took us 
in the neighborhood of two or three years to find out how to ran 
that long line and to avoid vibrations, and by repeated splicing 
and renewings of cables, and finding they would last but a short 
time, we finally attempted to discover the reason of this by looking 
into the cause of the vibrations. Some thought it was due to the 
wheel itself, and the professor suggested the idea of refilling te 
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wheels, then putting up a rest, driving the shaft and its wheel by 
any outside appliance, and turning the groove (with the wheel in 
its own bearings) so that it ran absolutely true. We found, in 
putting the rope on then, that there were no vibrations, and that 
the wheel was not the cause of the trouble, but it was simply due 
toaslight tremor in the groove of the wheel, and when that was 
turned true, it obviated nine-tenths of the trouble. I have been 
cable, in the last year at our works, to corroborate this. We have 
had no trouble whatever in the vibration of the cable in a span of 
250 feet, but did have trouble from another source. The cable 
was used for driving the machinery connected with a pneumatic 
— molding-machine, and we could not afford to lose a day’s time 


on it, and in the extremity of the cable’s parting, we put up an 
inch and a quarter Manilla rope. After protecting that from the 
weather, we have obtained the most satisfactory results from it. 
We find that it is flexible, enabling it to endure the short bends 
made necessary by the location of the driving pulleys. It is still 
~ running very successfully, and its life is not determined yet. To 


be sure, the load is not great, probably nut over 22 to 25 horse- 
power; but I am so happily disappointed with it that I should not 
think again of putting up a wire rope to drive the same amount of 
power the same distance. 
. . Crane.—Were the ropes put in the same sheaves / 
. Geddings.— lun into the same sheaves, but with the groove 

altered, 

Mr. Crane.—Made larger, I suppose ? 

Mr. Giddings.—Y es, sir; the grooves were filled with alternate 
layers of leather and rubber on end, and turned true in their own 

bearings. 

Mr..A. H. Raynat.—lI have charge of three lines of rope trans- 
mission, which are all in Successful operation. The ropes have a 
long life, except at the splices, where there is always additional 
thickness. Projecting fibers are pulled out in passing the grooves 
of the pulleys, are torn, and the splice gradually wears out. The 
quality of the ropes employed is of the utmost importance. The 
maker should know the purpose for which they are intended, as 
pliability more than strength is the requisite. For a one and a 
quarter inch diameter rope I find a three-ply Manilla preferable 
to a four-ply. 

Mr. A. C. Hobbs.—When I went to the works with which I am 
connected, we had a Manilla rope of about sixty feet crossing the 
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yard. Sometimes it was very good, and sometimes very bad. I 
made up my mind that it was bad so often that I got rid of it. I 
laid a shaft two and three-quarter inches in diameter across the 
yard, took the Manilla rope down, put the shaft in, and everything 
has worked right ever since. 

Mr. H. R. Towne.—I happen to have had a somewhat wide 
experience with rope transmission, and it leads me to concur 
heartily with everything which Mr. Giddings has said. The 
trouble with wire rope, in nineteen cases out of twenty, is lack of 

- perfection in the parts. The rope is running at a pretty high 
speed usually. The wheels are also, of course, and any original 
irregularity tends to enlarge and increase, and to reproduce itself. 
That irregularity may come from slight eccentricity of a wheel, 
from slight want of truth in the other sense—not being a true 
plane—is still more likely to come from irregularity in the * fill- 
ing” of the rim, which is always used for wire rope, usually rubber, 
although wvod or lead makes a better filling—the least irregular 
of any; and these conditions set up a vibration in the rope which 
is increased, and under some conditions I have seen becomes really 
terrific, sufficient to pull down the structure, almost, if not checked. 
The trouble almost always arises from want of balance, or want of 
regularity, in the parts. That corrected, the trouble will disappear. 
Of course, where the rope is of great length, it may be necessary 
to put in intermediate idlers to take up the slack of the rope. 
Where that is properly done, it tends to check vibration, and should 
introduce no other trouble. As Mr Raynal has stated, the Aénd of 
wire rope is a very important factor, and persons proposing to use 
wire rope transmissions should always study the conditions with 
the maker of the rope. A rope which is to be used for sucli 
purposes is very different from the rope used for standing rigging. 


A rope of small wire, and many parts to the strand, is a great deal 


better than one of large wire and few parts. Again a soft core is 
sometimes used, and is thought to be advantageous—a hemp core 
instead of wire. Where the use of the rope is in-doors, and it i- 
not exposed either to the weather or to heat, my experience is, tliat 
a cotton rope is very much more satisfactory than a wire rope. It 
involves a much higher speed, in order to reduce the tension to 
the limit which is practicable with cotton. But the higher speed 
brings with it ordinarily no difticulties. The counter-shafting, of — 
course, must be well made and well put up; for I have seen a case 
of rope transmission fail where the parts themselves were all goou, 
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but where the framing to which one of the shafts was attached 
was not sufficiently stable, and a vibration was established in the 
driving-wheel which was transmitted to the rope. With cotton 
rope we get rid of a great source of trouble found with wire rope, 
and also a very considerable item of expense, namely, the packing 
or filling of the rims of the wheel. With cotton rope we can use 
cast-iron wheels, the driving and driven wheel having a V-shaped 
groove in which the rope nips, while the idlers have a round- 
bottomed groove slightly larger in radius than the radius of the 
rope, so that the rope bottoms in it and does not nip. The relative 
speed which practice shows can be utilized for these two kinds of 
rope is practically as two to five, that is to say, a wire rope run- 
ning at 2,000 feet a minute can be replaced by a cotton rope run- 
ning about 5,000 feet a minute, the tension being proportionately 
altered. The cotton rope does not so readily take up the vibratory 
‘motion which is complained of, and the wheels, being entirely of 
metal, can be made true in the first place, and once true will re- 
main so, except as to the wear of the shafts, and that can be easily 
taken care of. The matter of splicing these ropes is of considerable 
consequence, and it is not every rigger even that knows how to do 
‘it. Two kinds of splice, which sailors and riggers use, are known 
as the long and the short splice. The short splice involves a 
thickening of the rope; the two ends of the rope are partly un- 
coiled, and are put together and interlocked again—laid up, as it 
is called—eutting off of a portion of the strands on each end, but 
the result is a thickening of the rope at the splice. In the case of a 
cotton rope about five-eighths or one-half quarter in diameter, the 
short splice would be, perhaps, three or four feet in length. What 
is technically known as the long splice, on the contrary, is formed 
by uncoiling the strands of the two ropes, removing an equal 


_ portion from each, and putting the two together again and laying 
up the strands precisely as the original rope was made. This, if 
done neatly by an experienced hand, can be so well done as to be 


hardly perceptible, not at all perceptible when the rope is in 
motion, A long splice in such a rope as I have spoken of, should 
be not less than fifteen feet, and it should always be resorted to 
with high speed ropes, for the reason that any thickening of the 
rope at the splice tends to establish vibration of the rope itself and 
of the wheels. It involves a serious shock or blow to the wheels 
each time that the splice passes over them, and that itself tends 
to disturb the balance of the wheels and causes trouble. So far as 
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ny’ experience goes, where the circumstances admit, cotton rope 
more satisfactory than wire, but, with a proper proportion of the | 
parts and reasonable care in maintaining their condition, either can — 
be resorted to with entire confidence. All that is required is good 
workmanship and proper attention and care. 

Mr. Raynal.—Do you use any soaps on your cotton rope— 
I mean a mixture of tallow and black-lead, or something of that 
sort ¢ 

The Chairman.—Always; we use not tallow, but beeswax, 
which is much better thar tallow. The purpose of any dressing on 
a cotton rope is simply to prevent the fiber from rising, and also, 
to some extent, to prevent the absorption of moisture by the rope. 
This coating is water-proof, practically, and it keeps the interior of 
the rope in a perfectly dry condition. I have taken a cotton rope 
which has run for more than a year, which is perfectly black on the 
outside, looking like a bar of iron, with a smooth polished coat, and 
on cutting it squarely across, it would show the entire interior of the 
rope to be as clean as the day it was made, the coat of beeswax and 
black-lead, with a little tallow, serving to protect the core. 

Mr. W. EB. Partridge.—At the town of Proctor, in Vermont, ropes 
have been used largely in transmitting power from central stations 
over considerable distances, for the purpose of running mills for 
sawing marble, carrying power to derricks, hoisting and various 
purposes in and about a marble-sawing establishment and quarry. 
The distances there were great; the angles were sometimes very 
sharp, in one case up a hill at an angle of 45 degrees, and unless tlie 
rope was completely protected, no amount of balancing which they 
were prepared to do would prevent disastrous whipping in thie 
winds of the winter and spring. In other seasons of the year the) 
id more or less trouble with it. They transmitted power up « 
bank from the top of a 75-foot tower, and while I do not know thie 
exact amount, it was the power of aturbine supplied by a penstock 
six feet in diameter, and a head of water of something like fifty or 
sixty feet. The shaft, I think, was six inches in diameter; tle 
conditions were rather peculiar; the tower in which the turbine was 
placed was at the bottom of a ravine, from the top of which the 
power was to be taken up a bank 275 feet, I think, at an angle of 
approximately 45 degrees. The bank goes down very sharply. 
The rope having failed completely, they laid a shaft from the tower 
up the bank to the miil ; it was four or five inches in diameter, had ex- 
pansion couplings and thrust-blocks in each bearing. It was carried 
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in a house extending the whole distance, the lower part of which 
was carried on a truss. Their problem was to extemporize a pro- 


peller shaft of extraordinary length and running in very curious 
conditions, While the top of this building, which is stone, was 
perfeetly firm, and they had a fairly firm foundation on half way up, 
they had never taken pains to balance their shaft properly. The 
rule ina marble quarry, which is applied to everything around it, 
is, that it has to run until it is cut out or absolutely refuses to turn, 


and then it is replaced by something else. A wire rope sometimes 
gives out and will not run to its last strand, and so at present I 
think there is only one rope transmission in the town. The power 
is run from the top of the thirteen lengths of this shaft, by a line 
shaft the whole length of the mill; there is a cross line of shafting 


of several feet, and another line across the yard at right angles to 


it of 75 or 100 feet. This is supported on the trusses, and fur- 
nishes power for a large mill. 


The shafting can be forced to work under all conditions, but the 
wire rope in a gale of wind became unmanageable and suspended 
operations, 


Mr. P. A. Sanguinetti.—The ground has been so well covered 
with regard to the good workmanship necessary to produce good 
results with wire rope, that I will not add any more to the discus- 
sion in that direction. But I would like to refer to a fact which 
has come under my notice, namely, that phosphor bronze has been 
used in the manufacture of wire rope. It is more pliable when so 

applied than iron or steel, and when it is worn out or broken, it can 

be melted up and drawn out again, the makers allowing 50¢ on the 

price of the rope for the old metal. Cables of raw hide have also been 


used very successfully for the transmission of power. I know of a 
shipbuilding establishment in Europe where a 51)-ton traveling crane, 
mounted over ‘a dock 300 feet long, was operated with a raw-hide 
cable about 13” in diameter, and it worked continuously for more 
than five years without showing any signs of wearing away. 
Prof. Hutton —1 might add, Mr. Chairman, that the members 
wil find in the Library of the Mechanical Engineers a recent contri- 
bution by Prof. Renleaux to this question of wire rope and Manilla 
Tope transmission, where the principle is carried to an extreme. 
Prof. Reuleaux proposes that, starting from the central source of 
power, the rope shall be endless, going all over the building, finish- 
ing at the end. The paper is in German, but I think before long 
a translation of it will be accessible to the members. But it cer- 
21 
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tainly shows that he at any rate has thought of carrying the thing | 


a good deal farther even than we have dared to do on this side of 
the water. 

Mr. W. F. Durfee.—There is one form of rope transmission 
which is not very generally known; I refer to the form used in 
manufactories of cordage. There are many “ rope-walks,” which 
are one-quarter of a mile in length, in which the whole power for 
“twisting” and “laying up” the ropes is conveyed from one end 
of the building tothe other by ordinary Manilla ropes. Starting | 
from a driving pulley, or its equivalent, near the source of power 
at one end of the building, the rope passes to the other end, sup- 
ported at intervals by grooved pulleys, turning in standards 
bolted to the floor ;—thence returning, it is taken three or four 
times around a conoidal head, or a series of horns, on the extremity 
of the driving shaft of the rope-twisting engine, and thence the 
rope passes to and around a pulley on a weighted tightening frame, 
and then in its original direction to the driver whence it started. 
Endless Manilla ropes have been used in the way described with 
great success for the past fifty years, and it would practically be 
impossible to run the older form of rope-walk without this method 
of transmitting the required power. The use of ropes or cords for 
transmitting power, instead of being a modern invention, is among 
the oldest known mechanical devices, and was used for that pur- 
pose long before the invention of leather belts. The earliest ap- 
plication of ropes or cords as power conveyers is, doubtless, found 
in the bow-string of the savage races. We then tind the cord used 
in the primitive reciprocating mandrel lathe and in the bow-string 
drill, followed by its employment in the modern rotating lathe 
and spinning-wheel, and ropes for the “ running rigging” of ships, 
and for funicular machinery generally, which have been used fro 
the beginning of history. Among the more modern applications of 
ropes as power conveyors, has been classed the use of moving 
cables as actual bearers of burdens from place to place; but this, 
even, is much older than is generally supposed. 

In a work published in London in the year 1702,* we find the 


* Mechanic Powers; or, the Mystery of Nature and Art unveil’d.  Show- 
ing what Great Things may be perform’d by Mechanick Engines, in remov- 
ing and raising Bodies of vast Weights ; with little Strength or Force ; and aso 
the making of Machines or Engines, for raising of Water, draining of 
Grounds, and several other Uses. Together, With a Treatise of Circular Mo- 
tion artificially fitted to Mechanick use, and the making of Clock-work, «nd 
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cut reproduced in Fig. 92, and the following description : “ Let the 
mountain or hill, or heap of stones be A, to be removed tothe place 


B; to save time in going and f 


returning from one place to the 
other, as also that the motion 


whereby the earth or stones is 
transferred from A to B may be 
swift, we make use of the follow- 
ing industry: Erect at the foot 
of the mountain orin its middle, 


a great and solid wooden ecol- 
: umn, or piece of timber, C D, 
and erect such another in B, viz, E F, affix at the top of each 
piece or column, the wheels D and F, and make hollow each wheel in 
the circumference, and put about thema great strong rope, extended 
parallel to the horizon; but if the distance from A to B be great, 
least the rope should be too much stretched or bent, raise other such 
like pieces, or columns, in the middle, with their wheels made 
hollow, as aforesaid, to sustain the rope parallel to the horizon ; on 


the rope thus doubled, here and there hang baskets, which must be 
so far distant from each other that they hinder not one another; and 
the ends of the pieces must be so placed that the power applied to 
the levers Gand H may be turned about their centers, for so the 
whole rope, with the baskets hanging on it, will be turned about 
successively. Wherefore, if men keep filling the baskets in A, and 
— others unload them in B, the whole hill will be easily transferred 
from Ato B. Where note, that the greater the wheels D and F 
are, the swifter the rope and baskets will be turned about ; which 
motion about the axis, or piece of timber, being easy, may be accom- 
plished by means of short leavers, that so the motion of the 
baskets may be greater than the motion of the power about the 
piece of timber. Besides the saving of labor, and the gaining of : 
time, which is effected by this engine, it hath likewise this conven- 
-ieney, that if between the two places, A and By, there should be ¢ 
river or stream, or such like inaccessible, as if the earth were to be 


other Engines. A work pleasant and profitable for all sorts of Men, from the 
— bighest to the lowest Degree: And never treated of in English but once 
before, and that but briefly. 
_ The whole comprised in Tex Books, and illustrated with Copper Cuts, By 

Venteri Mandey, Philomat. Printed for Tho. Shelmerdine, at the 

Rose tree, and Tho Ballard, at the Rising Sun in Little Brittain, 1702. 
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transferred from a mound, or hill, to the next adjoining fields, and 
there were a large deep mote or ditch between them, you could — 
~ searcely obtain your desire any other way.” 


a No. 240.—365. 


What is the practical value of the sand-blast process for sharpen- 
ing old and new files ¢ 


Mr. Chas. N. Trump.—The sand-blast has a very great ad-— 
vantage in the sharpening of either new or old files. As applied — 
to new files, it has the effect of removing the burr which is formed 
by the chisel, thereby preventing the future breaking of the teeth, 
and in addition to the sharpening of the teeth it adds about fifty ; 
per cent. to the life of the file in use. Re-sharpening in the 
majority of instances will cause the file to do more work than a_ 
new file not sand-blasted ; and if again applied to the same file, 
the second re-sharpening will cause it to do more work than the — 
first sharpening. I have records of files which were tested in 
Trump Brothers’ shop, and in the shops of the Betts Machine Com. 
pany, and the English records are also in print; I know nothing — 
of the last except in that way. The files which I have tested 
through the hands of workmen in our own shop (I refer particularly 
to what is ordinarily known as a mill-saw file) were taken new to 


finish pieces which were first turned to gauge, merely to put a sur- — 
face on them. The amount of surface finished was 443 square feet. 
That file was sand-blasted after it was too dull to use, probably at a 
cost of a cent and a half. The result of that test of the file was 66 | 
feet of surface. The second re-sharpening enabled it to finish 107. 
feet. It was simply brushed up the third time, finishing 31 feet. | 
The following statement shows the details of the test : 


No. 1. New American file (not sand-blasted) finished the surface of five pulleys, — 
14” x 4” face diam. 


No. 2, Worn ‘‘ Moss and Gambel” file, re-sharpened by sand-blast, eleven pul- 
leys, 14 x 4” face diam. 


No. 3. New ‘Spencer ” file, not sand-blasted, three pulleys, 14° x 4° face diam. 


Nos. 1 and 2, re-sharpened, did about equal awounts of work on a second lot 
of larger pulleys. 


No. 3 was probably soft. 
Files tested in Betts Machine Co.’s shops. 


About double the quantity of metal is removed by the same nun 
ber of strokes under the same pressure by the new file, which is 
sand-blasted, as compared with the file as it comes from the temper- 
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ing bath. The process is merely one of grinding. It does not 
amount to anything more than that. 

Mr. Hl. Le. Towne.—In regard to the present subject, I can say 
that in the Yale & Towne works we have adopted the sand-blast 
for sharpening files, and have had it in use for some six months 
with very satisfactory results, but [ am not able to state any per- 
centage of economy. There is an unquestioned value in applying it 
to new files. A new file will wear longer by sand-blasting it before 

you begin using it. The reason for this is very simple. The edge 
of the tooth, as cut by the chisel, has a little burr left upon it—a 
thin fin of metal, and this fin, as soon as the file is put into use, 
bends down and clogs the cutting edge, just as a thin fin of metal 
on the edge of a chisel would bend over and dull it. The sand-— 
blast removes this thin fin of metal and leaves a fine, sharp edge. 
Examining afile which has been used, you tind somewhat the same 
effect—a burr raised on the edge of the teeth; subjecting it to the 
sand-blast removes this burr. Of course, there is a limit to the 
number of times that this can be done, as the teeth gradually decrease 
in depth, and the file becomes useless. 

It would be very interesting if any one could tell us from records 
what the actual economy of the process is, so as to compare that 
with the cost of providing the apparatus. 

Mr. F. W. Taylor.—In the Midvale Stee! Company we have had 
the sand-blast in use between three and five years. During that 
time, our works have largely increased in size; and our file bills 


have been less since having the sand-blast in use than they were 
before. Just what the economy is I don’t know. We have experi- 
enced a very decided economy in its use, however. 


Prof. J. B. Webb.—The explanation which you have made natu- 
rally raises the question as to the comparative value of this process 
and the method of taking off the burr by biting-the file with acid, 

The Chairman.—That is being done, Professor Webb. Iam not 
able to answer from experience with both; but I can say I looked 
into both before adopting either, and was quite satisfied that the 
sind-blast was better to adopt. 

Mr. Trump.—lI think I can give some points in reference to the 
acid process. The Singer Sewing Machine Company, at the time 
the apparatus was put up there for sand-blasting files, concluded to 
try a process which was introduced by one of their chemists, which 
was the application of a galvanic battery in connection with the — 
acid for eating away the teeth of the file, and he thought that he — 
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had accomplished the purpose so that the sand-blast was thrown 
out. Since that time, a large lot of files was put on the market, but 
it was found that they were files that had been bought as scrap— 
from the sewing-machine company ; they had been sharpened by — 


that acid process, rejected, and sold as old iron. Some sharp man 


got hold of them and put them on the market as new files. 

Mr. W. H. Doane.—I would like to ask Mr. Trump to state what 
amount of power is necessary to drive a sand-blast machine for sharp- 
ening a file up to its full capacity. 

Mr. Trump.—lI can answer that question in several ways. The 
pressure is of considerable importance ; from 65 to 75 pounds will | 
work nicely, 90 or even 100 pounds is better. The amount of 
power required is given by Tilghman in some of his experiments — 
in England as being about six horse-power. I have run the sand- 
blast, and run it effectively, from an agricultural b@ler out West 
which was rated at six horse-power. In our own factory we used 
a twelve horse-power boiler, and we supposed that we were using 
about eight horse-power for the shop. At noon, which is the time 
that I sometimes take for sand-blasting files, I have had to close — 
the ash-pit doors in order not to have the steam run up on me too_ 
high. I think Park Benjamin wrote an article for the American 
Encyclopedia in reference to this matter.* He gives four as the 
horse-power required. The application of the blast to the file isan | 
intermittent one, so that the steam is not actually being used more 
than half the time, while the operator is standing by, as the file 
must be tested, and perhaps taken out of the holder more than once. 

Mr. Doane.—We carry eighty pounds of steam on our Babcock & — 
Wilcox boiler, but did not get the best results. We supposed it. 
was because the apparatus used so much steam that it reduced pres- 
sure below what we desired to carry. Not having asufficient steam 
pressure, we estimated it took about twelve to fifteen horse-power to. 
work it properly. 

I asked the question for information, as we have not been able to 
obtain quite as good results as we had anticipated. 

Mr. G. Hl. Babcock—lf the gentleman will tell us the size of 
opening required with a given pressure of steam, we could tell — 
approximately how much steam will be used, | 

The Chairman.—lf Mr. Trump will allow me, I can answer tliat” 
question briefly. In the first place, the apparatus is driven by a 
direct jet of steam. There is no intermediate mechanism, and « 


* Appleton’s Cyclopedia of Applic d Mechanics. ~ Page 692, Vol. 2. 
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small valve, I think, of not over 3-inch pipe is used for the steam 
connection, and the valve is opened a very small Way the most of 
the time. 

— Mr. Babcock.—Does the steam escape through an open pipe or 
through a small nozzle 

The Chairman.—The steam is delivered through an injector, so 
that a combined column of steam and sand is thrown on the file. 

Mr. Babcock.—But there is a certain amount of opening in the 
ejector ¢ 

Mr. Trump.—A quarter of an inch. 

Mr. Babcock.—According to Rankine’s ready rule, the steam 
flowing out of an opening, into a pressure Jess than two-fifths of 
the original pressure, will be equal to one seventieth of the absolute 
‘pressure in pounds per second, per square unit of area. That is, 
with a pressure of seventy-five pounds, or ninety pounds absolute, 
12 pounds of steam per second will flow through an inch of area; 
with a quarter of an inch, it would be one-sixteenth of that, or in 
round figures, ;'5 of a pound per second. This, multiplied by 3,600 
and divided by 30, will give the horse-power of steam which that 
opening would deliver. These figures give ten horse-power, which 

would be reduced slightly by the friction of the passage. 


No. 240.—36. 

How should a laboratory of mechanical engineering be equipped ? 
Prof. Gaetano Lanza.—The equipment of a mechanical engineer- 
ing laboratory must depend on the more fundamental question as to 
what are the objects to be accomplished by such a laboratory. Of 
— course, the requirements of different schools will make more or less 
difference, but it seems to me that the tendency of the age points 
to specializing as much as we can, and the more specializing we do, 
as a rule, the better we can do our work. Consequently when I 
_ speak of a mechanical engineering laboratory, I do not mean a shop 
nor a laboratory where shop work is taught. I believe thoroughly 
in the importance of shop work for the student, but a mechanical 
engineering laboratory is a separate thing from that. In my own 
case, | make also a distinction between the mechanical engineering 
laboratory and the laboratory of applied mechanics which is devoted 
to testing the strength of materials; nevertheless, what I have to 

say will apply to this latter also. 


| think that the objects of the mechanical engineering laboratory 
are three. The first is, of course, the education of the students, 
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and the thing of first importance is, that the student should receive 
instruction in that class of work which, as an engineer, he is very 


liable to be called upon to perform. He should learn how to make 
boiler tests, engine tests, dynamometrical measurements, calorimeter 
tests, and such other work as an expert engineer is constantly liable — 
to be called upon to perform im the industrial world. He must 
become a careful and accurate observer, be able to get his results, 
to work them out, to draw his conclusions without bias and without 
prejudice. The above is of course the first thing that a laboratory — 
must accomplish. 

The second object is, it seems to me, to teach the students to make 
original investigation. Taking up some subject which needs investi- 
gation, they should seek to determine what experiments are needed, — 
and then proceed to make them, and from them deduce correct 
conclusions, 

The third object is that of carrying on investigation in the labor- 
atory. Now, in carrying on investigation when you have a large 
number of students, yon have at any rate a large number of hands _ 
to use, and can, therefore, make investigations which can not be made 
well in other places. 

The three objects then it seems to me are: first, to teach the 
student to make such tests as he will have to make when he goes — 
into the practice of his profession, giving him such a drill as will | 
make him a reliable experimenter; secondly, to teach him to make | 
investigations; and, thirdly, to carry on investigations on engineer- 
ing snbjects and publish results. The equipment mnst be suel as 
to enable us to accomplish those objects. One of the requisites is, 
that the machinery and the apparatus used should be on a practical 
scale. It does not do to make tests in miniature, as such tests do 
not generally give results applicable to practical cases. As to the 
details of the equipment, this will be determined by the objects to 
be accomplished, and the means of the institution. If steam work 
is to be done, there should be as many and as large engines as thie 
institution can afford; there should be, of course, dynamometers, 
brakes, indicators, gauges, and other needed apparatus, such as will 
readily suggest itself at once to any of you, and there should be tlic 
apparatus needed for the work and for the lines of investigation 
which it is decided to pursue, for the number of possible lines of 
investigation is almost infinite. In my own laboratories, we have 
undertaken several steam investigations; also, investigations on 
belting, strength of materials, etc. The institution ought to take 
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up just as much as it can do thoroughly, and then it would be very 
desirable if there were a number of laboratories in different parts 
of the country, all pursuing investigations in mechanical engineer- 
ing subjects, and keeping a correspondence with each other, so as to 
play into each other’s hands, and thus by their united efforts to 
accomplish much more than could possibly be done by one alone, 

Prof. G. 1, Alden.—It seems to me that, as has been said, the « 
equipment must be snch as to enable you to carry out the work you 

are required to do, I thought, upon seeing that topic, that the en- 
gineers here might perhaps make some suggestions which would be 
valuable to teachers in the schools, by showing what kinds of work 
they would like to have graduates able to do when they come out 
to work for them; and seeing that our time in teehnical schools is 
very limited, they might aid us by suggesting what kinds of me- 
chanical laboratory work should take precedence of other kinds in — 

the short course. Of course, if the technical schools could keep 
their students longer, and have time to enter in small classes into 
investigations, that would be a thing they would like very much to — 
do, but cannot now do to any great extent. If the practical engineers 
present would say what they would like to have the graduates know 
of engineering, each one in his own department, it might possibly 
be suggestive to teachers as to what they should attempt in starting 
a laboratory, which, I understand with Professor Lanza, is not a 
shop; it is an entirely different department. These suggestions 
would be valuable to teachers as indicating what they should do first 
in steam engineering, electrical engineering, strength of materials, 
and various other investigations of that kind—and how in importance 
these subjects are related one to the other. 

The Chairman.—In answer to Mr, Alden’s question, al] that can | 
be said, I think, is that the field of investigation is too wide and too 
varied, in different shops and under different circumstances, to 
specify easily what the student is likely to be wanted to do after 
he has graduated, The main thing is, to teach him /ow to do any | 
experimental work which may be wanted; to teach him how to | 
reason and investigate, and, after all, that is the chief aim of almost 
all instruction ; it isnot alone the teaching him how to do the school 
work, but how to do other work. 


No. 240,—37. 


What are the best problems for students in mechanical eng 
ing in the last year of their regular course ? 


os 
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Mr. T. S. Crane.—In my experience in carrying on a consult- 
ing business and designing machinery for various purposes, I have 
frequently had assistants who were graduates of technical schools. 
I found that they were constantly embarrassed in attempting to 
design anything, by not knowing the proportion of various parts, 
and it has occurred to me if they could be forced to exercise their 
originality in the last year of their course, in making various de- 
signs for various purposes, and having an instructor competent to 
point out the defects in those designs, they might be helped to 
think and use their knowledge more usefully afterward. Ido not 
know how long it would take, or how much time could be allotted 
in an ordinary course; but if the student could be required 
to design a pedestal, for instance, to design a train of gearing, to 
design some simple tool, to design the simplest form of turning- 
lathe, or the simplest form of planing machine that he could think 
of, and throw in the strength of the metal in different parts — 
according to his own judgment, some one of experience might point 
out the defects. It seems to me that a few days would suttice for 
a student to sketch out some design such as that, and the criticism 
which he would afterwards receive would be extremely valuable to 
him. 

Mr. Wm. Kent.—This subject is very much like the one in the— 
thirty-sixth question. It isa very large one. The problems are 
so many that you can not get them in in the last year, The teach- 
ing of designing, I should say, ought not to be done in the last year, 
but in the junior year; but, unfortunately, on account of the de- 
fects in our educational systems, before the students get into the 
technical schools, they do not know enough of drawing, of geome- 
try or anything of that kind, so that you have tospend the first two 
years in giving them elementary instruction in geometry and 
drawing before they can enter into a course of designing. As Mr. 
Crane has pointed out, even after they have graduated they have 
not got the instruction in designing. We ought to begin down at 
the beginning, in the primary schools, almost, to educate the boys to 
think with pencils in their hands. Starting thus early with ele 
mentary drawing, we may be able to expect that in the technical 
schools we can teach designing in the junior year. 1 think tht 
in the senior year we should pick out the problems requiring diffi- 
cult calculations, which are most apt to arise in practice. If pos- 
sible, I should say that the senior year should be the hardest in tle 
whole course. The use of the indicator, the use of the brake, the test 
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of boilers—those problems which require thinking power, should 
be the work of the senior year, so that the student would get in 
the senior year those things which he is most likely to get in his 
earlier practice. In the colleges there are certain facilities offered ; 
there are dynamometers and indicators and testing-machines of all 
kinds, and mechanical laboratories, which, after a man goes into the 
~ machine-shop, he does not tind. So, I would say, give him in the 
~ senior year those things which he ought to have as an engineer, but 
which he is not likely to get in the first ten years of practical life 
— afterward, until he has leisure to devote himself to some of these 
_ problems which can be best thought out in the senior year in the 
schools. 
Prof. Gaetano Lanza.—This subject is a great deal broader than 
the preceding topic, because it opens up not merely the laboratory 
question, but the question of design and the question of the studies 
of the senior year. I will first say a few words in reference to de- 
sign, which I consider to be a matter of very great importance, 
and I will state what we are doing in that regard at our school. 
~The subject of design is introduced at the beginning of the senior 
year, when the students devote to it eight hours per week. At that 
time, they have had instruction in mechanism, in thermo-dynamics 
and steam, including steam boilers, and, of course, have had a con- 
siderable amount of drawing and some laboratory practice, and they 


have also had the mathematical side of the strength of materials. 
They begin usually with the design of a boiler. Professor Schwamb, 
who has charge of that work, is with them most of the time, 
passing from one to the other, criticising their work and showing 
them where the designs are faulty and might be improved, making 
them realize the fact that in practice, when a man has made a 


drawing, he must not hesitate to rub it out and begin all over again. 
When they have made their boiler designs, they proceed to other 
designs, the character of which is intended to be practical and not 
of too great extent. We should not approve of giving a design 
on such an extensive scale that they could not make a thorough 
study of all parts. By way of example, a design that has been 
used by us is one for the main shaft of a mill from which power is 
to be taken off at different places, the student being required to 
consider that shaft with reference to its strength, to the friction of 
the bearings, etc. Another example of a design which may pos- 
sibly be given this year is the following: Make a thorough and 
careful design of a hanger with reference to strength, bearing 
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surface, etc. Then deduce from this one the suitable dimensions — 
for a whole set of regular hangers. Now, of course, we cannot go 
to a very great extent in this kind of work for lack of time; but if, 


as the Chairman has so well said, we can succeed in making ie 


students begin to think, as en outside have to think, we are doing 
so much toward preparing them for their future work. 

In regard to the other studies of the senior year, I dare not go into 
details, or I shall consume too much time; I will, therefore, only 
state two or three general principles. In my opinion, the senior 
year should be the student’s busiest year. They should get as— 
much of their theory as they can during the second and third years, | 
so that (althongh a considerable amount of theory must still remain 
for the fourth year) they should be in as good condition as possi- 
ble to take up and discuss practical questions in the light of the- 
elementary theory, and not be troubled at that time to go back and 
study the elementary parts of the theories on which the subject 
depends. We try to bring the questions of the senior year as near_ 
the questions of practice as the advancement of the student will 
warrant, and try to teach him to look at them from the point of 
view which must be taken by a man in the practice of his profes- 
sion. 

Mr. W. EF. Pariridge.—There is one thing that stands in the. 
way of all instructors in mechanical engineering, and that is the 
attempt to impart, at one and the same time, experience, knowledge, 
and theory. The student is turned out, and the effort is too often’ 
made to put him into the world in such a shape that he can do 
something at once. In other words, there is an attempt made to | 
combine a post-graduate course with one which is elementary and 
one which is intermediate. The student comes out without suffi-. 
ciently understanding the difference between having a chest of well- 
sharpened, properly fitted tools, and a trade. The boys in our 
schools can get very little morethan a chest of tools with theoreti- 
cal directions as to how to use them. To learn the trade, they have 
got to take hold of the work in the shop, or they must have a very 
extensive post-graduate course. The boy usually graduates too 
young to be expected to design intelligently, even though he has 
been designing under instructors during the whole of his last year. 
It is not altogether a mistake which those schools make when they 
abandon to some extent what we think so important—the practice | 
—and say to the boys, We will give you all the theory that you 
need; we will give you all the experimental results and the experi- 
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mentation which we can; but for the practical application of these, 
you must go into the engineering establishments and come in con- 
tact with work which is made to sell. If we bear in mind the dis- 
tinction between designing to sell and designing to please the 
teacher's ideas, we shall find that the problems to be laid out for 
the boys are a good deal easier for the teachers, and perhaps quite as 
— valuable to the youngsters themselves, 

No matter how well prepared a young man may be in the 
~ schools, he must serve an apprenticeship in the shop before he can 
be valuable. The sooner the shops recognize this and stop asking 
_ for impossibilities, the better it will be for both shops and graduates. 
_A higher class of apprenticeship is unavoidable whenever an inex- 
perienced man steps into any department, and well-organized 
establishments are beginning to recognize this fact, and to see that 

the schools cannot teach practice. 

Mr. G. C. Henning —1I think the remarks made heretofore show 

that we have two things to contend with: first, the great amount of 
work; and, secondly, the average age of those who want to prepare 
themselves for a professional life; and I think that, although our 
common schools are not as high as they might be in order to allow 
the graduate to go directly into a technical school, the right course 
has been pursued by one place of study to help get over this diffi- 
culty. We cannot think of improving our public schools through- 
out the country so as to make the graduates fit for a technical course ; 
so we must do this—call for such requirements of admission that 
none but those prepared to undertake the work specially laid down 
in the schools can enter, Of course, it is conceded that before a man 
can undertake professional work he must be prepared for it. The 
only way he can be fitted for taking up such work is to get a good 
foundation for it by devoting all his spare tine to examinations of 
actual work, and studying the principles involved—giving his prin- 
cipal attention to those problems which he will be most unlikely to | 
meet with in the first years of his professional life. I think if we 
look at what the Stevens Institute is doing, and has planned to do 
next year, we have the basis for educating engineers so that, when 
they leave the school and enter upon actual work, they will be well fit- — 
ted for it. There they admit men not less than eighteen years of age. 
There are so many to apply that only a part of those who pass the | 
examinations can be admitted, and such are selected as seem to be best 
litted, from their general knowledge and the training of their minds, 
to do the work thoroughly, rather than those who have shown the 
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most book learning; those men who have trained minds are pre- 
ferred, as only they can do the work well. At that place, in the— 
junior year the young men must go out and see the shops ina great 
many places, and then describe what they see, and work up special 
problems—not large problems, but parts of large problems, perhaps, 
dividing the work amongst several students. In that way, the 
graduating class obtain actual experience such as they require when 
they enter upon professional work. They begin to see and think 
for themselves what is needed to undertake and execute a certain 
piece of work. 

Mr. P. A. Sanguinetti.—I quite agree with Mr, Crane, who spoke” 
in the early part of this debate, as to the desirability of students in- 
engineering being well grounded in the proportions of parts of — 
machinery. I have noticed that young draughtsmen who have had_ 
a workshop training give better service, and are more proficient in 
designing, than those who have graduated from Polytechnic Schools. 
where such practice was not afforded. Generally junior draughts 
men are given the details of machines to work out, and while 
they are able to produce tinely executed drawings, there is sume 
ditticulty experienced in getting them to make a plain working draw- 
ing which the men in the shop can readily understand. In trying 


to account for this, I have been led to conclude that, whilst they 


have paid great attention to shade lines and scientific projections, | 
they lack the knowledge of constructive detail which close contact: 
with the parts of machinery imparts. For that reason, I think that 
the last course for the student in engineering should be, if not act- 
ual practice in the workshop, at least such familiarity with the pro- 
portions of parts of machinery as will give him the confidence 
necessary sooner to become useful to himself and to those parties 
with whom he seeks employment. 

In this connection, I would like to mention an incidental subject 
which has occupied my attention for some time. I find among 
draughtsmen the greatest divergence of opinion as to how a draw- 
ing should be projected, and the results arising from it are some-— 
times very serious. Now, as this Society is endeavoring to secure 
uniform standards in engineering matters, it would not be out of 
place, in my opinion, if its good offices could be interposed to further 
the adoption of a universal manner of projecting working drawings. — 
Mr. Coleman Sellers has advocated the idea, which I think a most — 
natural one, that having made a front elevation of a machine, th bs 
projection of the end view to the right of the front elevation should 
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be shown on paper on the right-hand side of such elevation; but 
as | have met with some gentlemen who express opinions at vari- 
ance with this theory, | for one would be very glad if the Society 
would use its influence toward reconciling the differences. ; 

Mr. J. /. Gobelle.—I think one of the problems should be to 
design simple machines to do special work. I have found that a_ 
young man just out of a technical school is very apt to make a ma- 
chine with four spindles where two spindles would do better, and I 
think they should be required to design a tool for a special purpose, 
in the simplest possible manner, so that when they get in their po- | 
sitions as engineers (it will not probably be in charge of works), they 
can use those positions as a post-graduate course, and Jearn the more 
intricate things in machine design. 

Proj. G.I, Alden.—\n regard to this matter of machine design-— 
ing, I think it is the point where all graduates will be likely to be 
called on for more than they can do. It is where they show their 
weakness first. At the Free Institute, where I am, in connection 
with the shop, we do a little work for the students which I think 
meets this case. Some of their practice is in the draughting-room 
of the shop, where they take a problem like the designing of some 7 
simple tool, and they work and rub out until they get it done, and 
as the tool is going to be made and used, the work of designing it 
proves admirable practice. We only need more time to do it; and_ 
I know of no attainment which would improve the value of the — 
students, as they go out to work, more than greater proficiency 
in machine design. The higher work of engineers they may not, 
as has been said, be called to do for ten years. 


Is aluminium bronze corroded by exposure to weather, ete. ? 


Mr. Thos. D. West.—It seems to be well established that alumi-— 
nium bronze will withstand the action of moisture and oxygen better — 
than any other known metal, except gold and platinum, Nor does” 
the sulphurous acid gas of the air attack it as it does silver. A very — : 
slight tarnish forms over the surface, which does not alter materially i 
the beauty of the burnished surface. It is due more to dirt than to | 
chemical action on the metal. Mr. Eugene Cowles, of the firm — 
which is making this bronze in Lockport, N. Y., called on Dr. Perey, — 
in London, a couple of weeks ago, and the Doctor, during conver- | 

sation, opened a drawer in his desk which he said had not been 
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opened for fourteen years, and he took out some burnished samples 
of aluminium bronze, and ordinary brass which had not been pro- 
tected with lacquer. The bronze was as bright as when placed in 
the drawer. The brass was black and covered with verdigris. 

Mr. P. A. Sanguinettt.—I remember about fifteen years ago 
seeing in London specynens of what was called then aluminium 
gold, which was probably the same thing as the metal under dis- 
cussion, It was made up into propelling pencil cases, the advan- 
tages claimed being that the metal would not corrode nor tarnish, 
and had all the appearance of gold without being as expensive. 


I purchased one of the pencil cases and carried it in my pocket 


for several years, and found it was all that the makers claimed 
for it. 

The Chairman.—The opportunity is so unique, and the subject 
so pertinent, that I am going to ask Professor Thurston to show us 
a model, now in this room at the Stevens Institute, which I believe 
he originated, indicating the values of the different alloys of copper, 
tin, and zine. 

Prof. LR. H. Thurston.—The model exhibited by the Chairman 
is one which belongs to the collections of the Stevens Institute of 
Technology, and was devised by myself a good many years ago. 
In making the researches on the coppermtin-zince alloys for the United 
States Test Commission, it was found very difficult to express the 
law connecting the mechanical properties with the composition of 
the alloy, se that any one studying the results of the work should 
be able to say, with confidence, what would be the precise character 
of any possible alloy of the three metals which he might propose 
to make. 

It seemed evident that the only system of collating results which 
would attain these essential objects was some graphical method. 
To represent with satisfactory precision, completeness, and intelli- 
gibility a series of researches on the character of triple alloys of all 
desired proportions appeared, at first, a most difficult, if not insolv- 
able problem. A very perfect and most satisfactory method was, 
however, finally devised : 

In any triangle, as at A, Fig. 106, let fall perpendiculars upon 
the three equal sides. The area of the whole triangle B, C, D, 
is measured by the product of the altitude, C E, by one-half 
the base, B D. Draw lines A B, A C, A D, to the vertices 
of the triangle, thus forming three smaller triangles, the sum 
of which equals, in area, the original triangle. We now have: 
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AH x$CD; or, 
the sides of the triangle being equal, C E x $ BD=(A F + 
AG + A ll) BD. Hence, A F + 
AG+AH=CE. 
But the area of the whole triangle may 
be conceived to represent a triple alloy com- 
posed of the three components in propor- 
tions represented by the area of the three 
several small triangles which together make 


~upits total area, But these smaller triangles 
~ have areas proportional to their altitudes, 
AF,AG, A HL; the proportions in which the three metals are com- 
bined to form the given triple alloy may, therefore, be measured 
| by the ratio of their representative triangles to the whole triangle 
in area and in altitude. Then, dividing the height of the large 
triangle into one hundred equal parts, the altitudes of the small 
triangles, measured in the same units, will represent the percentages 


FE 
Fig. 106. 


of the three elements in the given alloy. 


Every point in the triangle thus represents some certain triple 
alloy; there is no possible triple alloy which has not its representa- 
tive point in our triangle. 


Let it be proposed to discover what is the strength of all the 
possible alloys of copper, zine, and tin: lay out, within the principal 
figure, a series of concentric triangles, as in Fig. 107, of which the 

. vertices are placed at distances representing ten per cent., twenty 
_ per cent., thirty per cent., and so on, from the vertices of the large 
triangle ; select along the sides of these triangles, excluding the 
exterior figure, points ten per cent, apart for examination. The 

points taken in the outline of the 

principal triangle represent the 

double alloys of copper-zine, 

copper-tin, and tin zine, in pro- 

portions also varying ten per 
cent. They are alloys in each 
of which the proportion of the 
third element of the variable 
triple combination to be studied 
has become zero. Now, deter- 
mine the strength of each of 
Fig. 107. these alloys, and, upon the point 

which represents it in the figure, erect a perpendicular having a 


| 


4 
adi 


338 TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 


height proportional, on any convenient scale, to that strength. 
Having completed this work, we have, upon our triangular base- 
plane, a forest of verticals, each of which is an ordinate of a point 
in a surface which may now be conceived to pass through them all. 
Jurves of sections, running in any desired direction across this field, 
may now be made, and they will be the graphical representations 


of the law which connects cohesion and composition in the series” 


of alloys so selected; just as the surface is representative of the 
law for all possible alloys of the three metals selected for experi- 
ment. 

Lines connecting points of equal altitude may be drawn, as on 
topographical maps, and, on these lines of alloys of equat strength, 
that which meets any given requirement in other respects, as in 
cheapness or in ductility, may be selected. The same method wil! 
evidently answer equally well in the representation of any other 
quality, as the resistance to transverse fracture, to shearing forces, 
to compression, or in the exhibition of ductility, elasticity, or of | 
the values of the moduli of elasticity or of resilience, whether elastic 
or total. 

In many cases, it would be found that, at sharp culminations, in 
points or lines, forming peaks or ridges in our topography, it would 
be necessary to take another set of points nearer together, and tlius 
to feel ont with greater exactness the sudden changes of result 
which follow the operation of the discovered law at such * critica! ” 
points or lines. 

The result of an investigation, such as has just been described, 
may be very beautifully exhibited to the eye by making a mode/ of 
the surface thus determined, such as is here seen in Fig. 108. In 
carrying out these researches, the following plan was found perfect!) 
satisfactory : 

Lay out a triangle, as above described, upon a surface of shee! 
brass. At the points at which determinations have been made, 
erect wires of which the lengths have been made carefully propor- 
tional to the ordinates of the representative surface at those points. 
screwing them firmly, or otherwise fixing them, in their places. 
When all the wires are in place and are found to be of the exac' 
length required, place bits of board along the outside to form t!: 
boundaries of the triangle, and pour in plaster of Paris until tle 
wires are allcovered. When the plaster has set, remove the board: 
and carefully cut away the upper part of the plaster, working carc- 
fully down to the tops of the wires, just exposing their points. Th: 
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_ surface thus produced is a model of the strength, or other quality 
represented, of all the alloys. 


Mr. M. I. Coster has prepared for the investigator such a model 
of the cohesive strength of the alloys of the three metals, copper, 
zine, and tin, as determined for the United States Board appointed 
to test metals, as in Fig. 106, and it is one of these models to 
which the Chairman has referred, and which he has exhibited. 


1 
af 


Mr. Wm. Kent.—I have a personal interest in this matter, be- 
‘ause I did much of this work myself, under Professor Thurston’s 
direction, some ten years ago. 

I had occasion, only a few months ago, to have some castings 
made, and wanted as strong a brass as I could get, and told the 
‘ounder to make the brass of a composition deduced from this 
model. I wrote Professor Thurston to ask if he knew a better 
alloy than that. He advised me to use a little more copper and a 
little less tin. I told the man to make the best alloy he could out 
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of the three metals—the best tin he could get, the best copper and 
the best zine, and in the specitied proportions, He said, “If you~ 
will take the responsibility, I will do,it for you.” I told him that 
I would take the responsibility. He made the castings, and they’ 
were very bad castings. They were full of blow-holes and full of 
cracks; but I finished them down, and, notwithstanding the flaws, 
they showed 36,000 pounds to the square inch, They would have_ 
shown over 60,000, I have no doubt, if they had been cast right. 


- y= 
| 


PAPERS 


OF THE 


WASTEINGTON MEETING 


(XN Vth, 


JUNE, 1887. 


| 
6G ‘ “4° of 


se 
| maf>: 
7 
fii mee fi 
| : 
| 
' 
| 
| 
» 
| _ 
A. 


COXLL 


PROCEEDINGS 


OF THE 


WASHINGTON MEETING 


(XVth) 


OF THE 
AMERICAN SOCIETY OF MECHAXNICAL ENGINEERS. 
May 3ist to June 3d, 1887. 


THe XVth meeting of the American Society of Mechanical 
Engineers was held in the City of Washington, D. C., during the 
week from May 3lst to June 3d, 1857. The sessions were held 
in Willard Hall in connection with Willard’s Hotel, in whose 
Parlor Ten were the Headquarters of the Society during the Con- 
vention, 


Day, Turspay, May 31st, 
The opening session was called to order at ten o’clock and was 
introduced by an address of weleome by Commissioner Wm. B. 
Webb of the District of Columbia. To this a brief response was 
made by President Geo. H. Babcock. 
The Secretary's Register showed the following members in at- 
tendance : 


Almond, Thomas R Brooklyn, N.Y. 
Ashworth, Daniel Pittsburgh, Pa. 
Babeock, Geo. H., President... New York City. 
Bailey, Reade W Pittsburg, Pa. 
Barros, Geo. He... 
Boud, Geo M 


Borden, Thos. J Fall River, Mass, 
Brady, James...... Brooklyn, N. Y. 


Poston, Mass. 
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Brooks, Morgan Boston, Mass. 
Butterworth, James... . Phila. Pa. 
Christensen, August C 
Couch, Alfred B Phila. Pa 
Crane, Thomas N.. J. 
Curtis, Gram Pittsburg, Pa. 
Dagron, James G Baltimore, Md. 
Dent, Edward L Washington, D. ©. 
Denton, James Hoboken, N. J. 
Dicey, Elmer C Chicago, Ill. 
Doane, Wm. H Cincinnati, 0, 
Dutton, C. Seymour Youngstown, O. 
Emery, Charles E 


Fawcett, Ezra 

Forney, Matthias N New York City 
Francis, Harry C Phila. Pa. 
Fraser, Norman I)... Chicago, 11. 
Gobeille, Jas. Leon Cleveland, O. 
Gould, W. V eeOFWieh, Conn. 
Hand, 8. Ashton .......Toughkenamon, Pa. 
Hawkins, Gardner C Boston, Mass. 
Hawkins, Jno. T Taunton, Mass. 
Hazard, Vincent G Wilmington, Del. 
Hewitt, William Trenton, N. J. 
Higgins, Milton P Worcester, Mass. 
Hillman, Giustay City Island, N. Y. 
Holloway, J. F es .. Cleveland, O. 
Horton, Jas. A......... Mass. 
Howard, Chas. P 

Huston, Chas. L Coatesville, Pa. 
Hution, Frederick BR., New York City. 
Kirkevare, Peter.... Youngstown, 0. 
avitt, Frank M Brookivn, N. Y¥ 
Loring, Chas. H ee Washington, D. C. 
Mackinney, Wm Phila. Pa. 
Mavruder, Wim. T Baltimore, Md. 
Manning, Chas. I .....-.-Manchester, N. H. 
Miller, Alexander 

Moore, Lycurgus B 

Morgan, Joseph, Jr 

Mumford, Edgar H 

Odell, Wm. H Yonkers, N. Y. 


Providence, R. I 


J 

q 

q 

. 


WASHINGTON MEETING. 


Piamondon, Ambrose Chicago, I. 
Porter, T .....New York City. 
Ramsay, Baltimore, Md. 
. Savage, Md. 
Ridgway, J. ' Trenton, N. J. 
Robinson, A. W Phila. Pa. 


York City, 
York City. 
Pe 
‘unington, Vt. 
‘See, Horace .Phila. Pa. 
Schuhmann, Ge Readirg, Pa, 
Sheldon, Thomas C Boylston, Mass. 
-Beell, Beary Phila, Pa. 
Serge, A. Jr fochester, N.Y. 
Springer, J. H. Sr Hamilton, O. 
Stearns, Albert clon, 
Stetson, Geo, ‘ew Bedford, Mass. 
Steward, John F ...Chieago, Tl. 
Stewart, W. G .Reading, Pa. 
«Middletown, Conn. 
Brooklyn, N. Y. 
Stirling, Allan.... . Yonkers, N. Y. 
Sweet, Jno. Syracuse, N. Y. 
Taylor, J. Archie Wilmington, Del. 
Tilden, James A.... So. Boston, Mass. 
Tompkins, 


Towne, 


U underwood, F. Tolls Coun. 
Van Duzee, Bayonne, N. J. 
Walker, John. ... Cleveland, O, 
Webster, John H.... .... Boston, Mass. 
Weeks, Geo. W 

Weightman, Wm. 

Wellman, Sam’l F 

Whitehead, Geo. E.... ridence, R. I. 
Whiting, Geo, B Washington, D. 
Whitney, Baxter D Winchendon, Mass, 7 
Whitney Wm, Wincheudon, Mass. 


Wilcox, Jno. F Pittsburgh, Pa. 
‘ilder, Moses G Phila. Pa, 
Wiley, Wm. 6 i 


..New York City. 


A Woodbury, C. J. Boston, Mass. 
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Wyman, Horace W Worcester, Mass. 
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Mr. Henry R. Towne of Stamford reported on behalf of the 
Committee on Uniform Methods of Test, and Uniformity in 
Test Specimens, as follows : 

Mr. H. R. Towne.—My. President, I have to report, on behalf 
of the Committee, that during the past year our Chairman, Prof. 
Egleston, was compelled by ill-health to resign the chairmanship 
and at one time it was feared his membership, of the Committee. 
The Committee induced him, however, to remain a member and 
saw fit to elect me as Chairman of the Committee in his place. 
On behalf of the Committee I have to report that a good deal of 
work has been done, but it has not yet been brought to a point 
which makes it expedient for us to submit a written and final re- 
port. The Committee obtained material for making tests from 
several manufacturers who kindly contributed it, and distributed 
that material, together with a circular of request and explanation, 
toalarge number of manufacturers and individuals having testing 
appliances, with the result of obtaining from them reports of tests, 


amounting, J think, to fifteen or more in number. Thereupon the 


Committee attempted to deduce from these returns some satisfac- 
tory result. It was found, however, that the methods of mak- 
ing reports differ so widely among different users of testing ap- 
pliances as to make it impossible to reduce many of them to any 
comparable form. An attempt was made to do this by Mr. Hen- 
ning, one of the active members of our Committee, who found, 
however, that it required a table having something over thirty 
columns in order to provide for reports under all of the different 
headings stated by the different experimenters, and that these re- 
sults were so discordant and so differently designated as to make 
it impossible to put them all together with any useful result. The 
Committee thereupon decided to make the endeavor in another 
way. Additional material was obtained and again distributed. 
but this time there was sent with it to each party having a test- 
ing machine a blank form of report, which the Committee pre- 
pared with great care, and which had on it the proper explana- 
tions as to how the tests were to be made and the report entered : 
and the persons to whom the material was sent were requested 
to make the additional tests and to report them in this manner. 
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- Returns have been received from one-half or more of the parties 
to whom the material was thus sent, and are very much more sat- 
_isfactory than the original set of returns. They have not yet 
been received, however, from the whole number, and we are en- 
deavoring to obtain the missing ones. There is still a great deal 
of discrepancy in the returns, and the Committee proposes to 
make a third effort in the same direction by again distributing 
material, and issuing the form of report which they have pre- 
pared, but also giving more specifie directions as to the manner in 
which the tests should be conducted. 
This much can be said, that the methods of testing in vogue are 
exceedingly divergent; hardly any two investigators pursue ex- 
actly the same method or make their returns in exactly the same 
way, and that therefore the work which is being done by one is 
rarely comparable with the work done by others, and, as a result. 
the immense amount of time and labor and expense which is being 
devoted to the investigation of material is largely wasted. It has, 
of course, its value in each particular case for the particular ob- 
ject in view, but is of dittle or no use to the engineering profes- 
sion at large by reason of this lack of comparability. If, there- 
fore, any means can be devised whereby the investigations of the 
many individuals and firms who are every day of the year carry- 
ing on tests of materials, ean be brought to a basis which shall 
make them comparable one with another, we shall all of us be 
largely the gainers thereby. This work the Committee has ad- 
dressed itself to and is prosecuting so far as it reasonably can, and 
iopes by the time of the next meeting of the Society to be able to 
make a written report embodying the results of its work in a form 
to enable the Society to understand it fully and to take action 
thereon. 
The final report of the Committee on Uniform Sizes of Pipe and 
Pipe Threads, was presented by Mr. Bond as follows: * 


FINAL REPORT OF THE COMMITTEE ON STANDARD PIPE AND 
PIPE THREADS. 
Your Committee to whom was referred the consideration of a 
standard for pipe threads, for purposes other than that which is 
covered by the Briggs formule and tables, the consideration of 
“See pages 29 and 43 of Proceedings, Vol. VIII., and pages 20, 311, and 414 
of Vol. VII. 


® 
¢ a 


PROCEEDINGS OF TH 


which, with results, being contained in the report of your Com-— 
mittee presented at the VIIth Annual Meeting of this Society, 
have the honor to report the following conclusions: 
At a meeting of your Committee, held in New York, Wednes- 
day, May 25, 1887, at 11 o’clock A. M., the advisability of attempt- 
ing to standardize pipe and pipe thread sizes, for thin brass - 


ing, oil and salt well casing, and special tube for oil, natural gas, 
and other pipe lines, was carefully discussed. Your Committee 
would respectfully report that, as pipe for this class of work is of — 
a character which might properly be termed “ special,” and is not 
a product of universal application in the trades, as is pipe which — 
is covered by the Briggs standard, your Committee are of the 
opinion, that the consideration of the matter, and the action neces- 
sary in order to harmonize the various pipe thread sizes for this 
class of work, properly belongs to the manufacturers and users of | 
this special pipe, rather than to your Committee. 

Your Committee would further say, that while the Briggs stand- 
ard covers in its application the sizes of pipe and pipe threads for 
purposes in which every engineer, manufacturer, and consumer 
in the country, is more or less deeply interested, and while uni-— 
formity is certainly a necessity for the various special pipe thread 
sizes for oil and salt well casing, pipe line and thin brass tube, 
also for the couplings and fittings for fire engines, and water ome 
connections, and that.such a desirable result should be bri aught 
about with as little delay as possible, still, as already stated, it 
would seem to your Committee to lie entirely in the hands of the 
manufacturers and the consumers of such pipe and tube. 

The advantage and the convenience of an interchangeable sys-. 
tem, which should include the results of intelligent experience, is: 
unquestionable, and your committee would earnestly recommend — 
the matter to the attention and consideration of the mannfactur-. 
ers of this special tube and pipe. 

Brass tube for steam and water pressures is now made of suf- 
ficient outside diameter and thickness, to permit the thread being 
cut to the Briggs standard, and is the practice in New York, for 


all sanitary plumbing and for steam and hot water, wherever brass 


tube is used for the purpose. 

Your Committee would also state that brass and iron fittings | 
for thin brass tube, such as would not permit the application of — 
the Briggs standard thread, are not carried in stock by the fit- 
tings trade, brass tube of this kind being special, and used only 


to a limited extent for elaborate sanitary or ornamental work, 
and on which tube a finer thread is necessarily cut, often no 
thread whatever, soldered joints being used instead. This shows 
conclusively that thin brass tube of special size and thickness is 
not a product in universal use, and hence, is not to be considered 
by your Committee in this connection. 

In conclusion, your Committee would also state that although 
there is made and used an enormous quantity of oil, and salt well 
easing and pipe line tube (referring to the latter only in sizes on 
which a special thread is cut, other than the Briggs standard), 
and great as is the desirability of a standard uniformity in sizes, | 
thus to insure practical interchangeability for this product, yet 
the use of this class of tube and pipe is in a certain sense local, 
and not of universal application, and does not, in the opinion of 
your Committee, come within the province of the work of the 
Society, but should be carefully considered by those whose inter- 
ests are directly concerned; the members of this Society individ- 
ually aiding, in every possible way, their efforts to accomplish the 
desired result. 

Respectfully submitted, 
FREDERICK GRINNELL, Charriman. 
Gro. M. Bonn, Secrefary. 
B. H. Warren, 
Wa. J. 
GEORGE 


On motion of Mr. Towne, the report of the Committee was ac- 
cepted, and the Committee was discharged with the thanks of the | 
wlety. 

The report of the Council was presented by the Secretary as 
follows : 

The Council would report to the Society, the consummation of 
the generous intentions of Mr. Stephen W. Baldwin of New York, 
member of the Society, by which it has come into possession of 
much of the expert apparatus belonging to the late Mr. John 
iloadley of Boston. 


\ detail list follows of the collection : : a 
TEST AND STANDARD GAUGES, 
Crosby Test Gauge.... ...8° to 300 Ibs. grad. to 5 Ibs, 


‘ ‘ 200 
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Ashcroft Test Gauge Ibs. grad. to 5 Ibs. 


Crosby Vacuum Gauge 4 


‘This latter gauge is in a special case, is graduated finely for 
—Ibs., for inches of mercury and for feet of water, and on the lid is — 
a table of constants for volume and pressure and curves of ex- 
pansion, plotted by Mr. Hoadley himself. Most of the gauges 
have cocks. 


THERMOMETERS. 


Chemical, readirg from to 100° by 


“ 540° F 


These are of glass, graduations on the tube. 


Maximum and minimum, tin case from 140 
Thermometer in brass case reading 200 to 740 
— Hydrophant, wet and dry bulb from 20° to 120 
— Crosby Pyrometer 5’ dial reading by 20° from... 0° to 1,400 


U-GUAGES, 


Mercury U-Gauge 4 long, graduated to 4}; ineh. 

Wollaston-Prentiss Anemometer for light pressures. 

This is a special U-gauge, 3 feet long, and was described by Mr. Hoadley, in 
Vol. VL, Trans. page 725. 


INDICAT¢ 


Pair of Thompson indicators in case, nickel plated, with cocks, and springs 50) 
and 60 lbs. 

An extra 3-way cock goes with these, and a wooden Ashcroft pantagraph for 
reducing motion, as well as an Amsler planimeter, and an instrument for proving 
its accuracy or error, 

A MeNaught indicator of the earlier style is also in the collection. 

Crosby Revolution Counter to 999,999, with slotted lever complete. 


SCALES, 

One triangular steel, graduated by 48ths, 50ths, 60ths, T2nds, 96ths, 100ths. 
One flat scale, graduated to 64ths and 100ths, on the bevel of the edge. 
Wooden scales 2) long, one shrink for brass, 

double ** steel. 

‘*  oue standard, graduated 14’ to the foot. 

2 " to the foot. 

3" to the foot. 
One steel straight edge, nickel plated 4" thick. 
One Lyman T-square metal blade, vernier-head. 
One Lyman vernier-head, with wooded blade to the T-square. 
One hygrometer for oil, reading, from 10° to 45° Beaumé. 
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There should also be reported, that since the last meeting there 
has been added to the library, the complete series of the transac- 
tions of the Institution of Mechanical Engineers of Great Britain, 
from 1847 to date. The journal of the Iron and Steel Institute of 
Great Britain, from 1873 to date, has also been secured, and the 
list of current exchanges has been enlarged also. 


Gifts have been received from the firm of Messrs. Thomas — 


Shanks and Co. of Johnstone, near Glasgow, Scotland, of a series of 
photographs of very large machine tools which have been acknowl- 
— edged by the Council, and they have directed that the Secretary 
_ solicit from the members gifts of photographs of other special tools, 
- engines, and machinery, with the understanding that they will be 
filed in suitable portfolios and indexed for reference by visitors. 
The matter of soliciting from absent members written discus- 


sions of papers which have been presented, or from non-members 


who are specialists in the subject of which any paper treats, has 
been committed to the Publication Committee with power to is- 
sue such invitations where they may deem it advisable in any case. 

The Council would also present the Report of its tellers as fol- 
lows: 

The undersigned were appointed a Committee of the Council to 
act as tellers under Rule 13 to count and serutinize the Ballots 
vast for and against the Candidates proposed for membership in 
the Society of Mechanical Engineers, and seeking election before 
the XVth meeting of the Society, in May, 1887. 

They would report that they have met upon the designated 
days in the office of the Secretary and proceeded to the discharge 
of their duties, 

They would certify, for the formal insertion in the records of 
the Society, to the election of the appended named persons to 
their respective grades upon Lists No. 1, 2,and 3, respectively 
Pink, Yellow, and Green. 

There were 320 votes cast in the Ballot upon the Pink List, of 
which 7 were thrown out because of informalities. There were 
304 votes cast upon the Yellow Ballot, of which 8 were thrown out 
because of informalities ; and there were 304 votes cast in using the 
Green Ballot of which 4 were thrown out because of informalities. 

The Lists are appended below. 


Cuas. T. Porrer,) 


New York, May 26, 1887. 


Ashburner, Chas, A. 
Barnum, Geo. 
Bellingrodt, M. O. 
Bigelow, Frank M. 
Bole, Wm. A. 
Coffin, John, 
Crane, Wim. E. 
Dixon, Geo. E. 
Dodds, Elihu. 
Dutton, C. Seymour. 


Engel, Louis G. 
tas 


Erwin, John M. 
Freeman, John R. 

Geoghegan, Stephen J. 
Gould, Webster V. 

. Hardie, Robert. 


Brooks, Thos. H. 


Gilkerson, James A. 


Conrad, Hugh V. 
Garfield, Alex. 


The Committee 
Chair as follows: 
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Me mbers. 


Henry, Wm. F. 
Lorton, James A. 
Kent, Edmund. 
Lambert, W. C. 
Leavitt, Frank M. 
Lewis, James F, 
Maillefert, G. J. 
Manstield, Albert K, 


Metealfe, John. 


Meyer, J. Gi. Arnold. 
Nicolls, J. O, 
Owen, Frederick N. 
Parsous, Harry de B, 
(Promotion from Jr.) 
Prentiss, Fred. H, 
Radford, Benj. F. 
Rider, George 8. 


Associates. 


Huston, Chas. L. 
Noye, Albert A, 


Juniors. 


Lyall, Wm. L. 
Mumford, Edward H. 


THE 


Ridgway, J. T. 
Roberts, T. Herbert. 
Schutte, Louis. 
Scott, Walter W, 
Simpkin, Win. 
Smith, Chas, H. L, 
Steel, Charles 
Stewart, Walter G, 
Stillman, Francis H. 
Thomson, John. 
Tobey, Geo, A. 
Tuttle, Edgar 
Van Vieck, Frank, 
Warrington, Jesse, 
Whitehead, Geo. EF, 
Wileox, John F, 
Wood, De Volson. 


Temple, W. C 
Zahm, A. F. 


Tompkins, 8. 


Mr. Il. A. Ramsay, of Baltimore. 


Mr. T. J. 


Borden, of Fall River. 


Mr. Wm. H. Doane, of Cincinnati. 
Mr. W. H. Weightman, of New York. 
Mr. F. H. Underwood, of Tolland. 


to Nominate Officers was appointed by the 


Invitation to visit the Baltimore Manual Training School was 
received from Mr. John D. Ford, and a communication from Mr. 
: John W. Weston, Commissioner-General for the United States to 

the Paris International Exposition of Railway Appliances and In- 
- dustries urged the Society to coOperate in making that exhibition 
a success, 

No other new business being presented, the professional papers 

were taken up. 

The paper of Mr. Samuel Webber, of Charlestown, N. H., was 
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entitled “Tests of the Comparative Value of Different Kinds of — 


Belting.” Messrs. Underwood, Dutton, Towne, Olin Seott, Ash-— 
worth, Hawkins, Emery, Woodbury, and Richards took part in 
its discussion. The paper by Mr. L. H. Rutherford (non-member), 

introduced by the Secretary, entitled “Should a Piston Packing 


Ring be of the same Thickness at every Point?” was discussed by 
Messrs. Fawcett, Porter, Sweet, and Emery. 


Prof. R. H. Thurston’s paper on “The Systematic Testing of | 
Turbine Water Wheels in the United States,” received discussion: 
from Messrs. Samuel Webber and Babcock. The other paper by 
the same author, “Note on Helical Seams in Boiler-Making,” ro 
ceived no discussion. 

The topical discussions were then taken up until the hour of 
adjournment. Messrs. Stirling, Almond, Barnaby, Tilden, Scott, 


Towne, and Hawkins replied to the query: “ What have you” 


found the best methods for removing smoke from blacksmiths’ 
shops 

Messrs. Stirling, Couch, Richards, Dingee, Babcock and Joseph 
Morgan spoke on the topic, “ What data can you give about the 
working pressure of gear teeth?” At the conclusion of this dis- 
cussion the session adjourned. 

The afternoon was devoted to visits of some of the public 
buildings of interest in the city. 

The evening session was called to order at eight o’clock. The 
paper by Mr. John T. Hawkins, of Taunton, was entitled, “ The 
Edneation of Intuition in Machine Designing.” Messrs. C. A. 
Smith and Denton discussed the subject. 

The two papers by Mr. C. E. Emery, entitled “ Notes for Dis- 
cussion on Cylinder Condensation and the Reduction of the Same 
by the Use of the Compound Engine,” and the other, “Notes for 
Discussion in Relation to the Development of the Compound 
Engine and the probable Limit of Steam Pressure in Marine En- 
zines and Boilers,” were presented and discussed together. Messrs. 
Barrus, Porter, Denton, Joseph Morgan, Jr., Stirling, Strong, Dab- 
cock, and Emery spoke in discussion. 

Mr. Emery’s third paper, entitled “The Comparative Value of 
Steam and Hot Water for transmitting Heat and Power,” was 
discussed by Messrs. Porter, Bond and Babeéck. The last paper 
of the session was that of Mr. Albert Stearns, of Brooklyn, enti- 
tled “ A Method of Evaporating by Exhaust Steam,” and was dis- 


cussed by Messrs. Babeock and Miller. 


PROCEEDINGS OF THE 


Seconp Day, WEDNESDAY, JUNE 


The morning was left without assignment to admit of visits to 
points of interest which were not open in the later part of the 
day. The professional session was set down for two o’clock, and 
the economic topics had been allotted to this afternoon. The first 
paper was by Mr. H. R. Towne, of Stamford, Conn., entitled 
“Steam and Power: the Commercial Determination of Costs.” It 
was discussed by Messrs. Denton and Babcock. The second 
_ paper of the series was by Mr. William Kent, of New York, enti 
tled “ A Problem in Profit-Sharing.” It was discussed by Messrs. 
‘Hewitt, Hawkins, Towne, Doane, Stirling, Emery, Woolson, Olin 
: Scott, Green, Fowler and Ashworth, the direction of debate be- 
ing so closely in the line of the topical query on this general sub- 
ject that the two matters are presented as one discussion. The 
- question was: “ What system of regulating wages of labor in our 
manufacturing establishments will tend to make that labor most 
efficient and produce the largest returns both to employer and 
employee?” 
In continuation of the Topical Discussions, Messrs. Towne, 
Bond, and Supplee answered the question, “ What is the best 
method and form of tool for drilling small deep holes in steel ; 
say a hole half inch in diameter drilled four feet into the end 
of a steel shaft?’ Messrs. Halsey,’ Towne, Richards, Bond, 
Scott, and Emery answered the query, “ Have you made any use 
of caleulating machines or tables, either in professional or com- 
mercial work?” <A large blue print was also exhibited and the 
method described by which it had been made. The plan was 
proposed by Prof. E. C. Cleaves, of Cornell, and the description 
and print were sent by Prof. Thruston for the information of the 
members. At the close of the discussion, the session adjourned 
- at an early hour to allow the members to attend an evening re- 
ception tendered to the Society by the Hon. Josiah Dent, and 
Mr. Edward L. Dent, at their residence in Georgetown. The 
_ house belongs to the colonial period and is notable as the one in 
- which General Lafayette was entertained by Mr. Jolin C. Cal- 


The reception was much enjoyed by all present. 


Tuirp Day, Tuurspay, JUNE 2. 4 


This day was devoted to an excursion to the home of George 
Washington at Mount Vernon. The party boarded a boat down 
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the Potomac, at ten o’clock, and spent the afternoon at Mar- 
-shall’s Hall on the Maryland side of the river, returning in time 
for the fourth professional session in the evening. 


. This session was opened by the paper of Mr. H. Ashton Ram- 
say, of Baltimore, entitled, “ What are the needs of our Navy.” 
Messrs. Crane, Stratton Kent, and Oberlin Smith took part in 
discussion. 
The other paper of the session was that of Mr. Joseph Mor- 
gan, Jr.,of Johnstown, Pa., and was entitled, “ Our Coast Defense, 
its Cost and its Mechanical Problems.” The discussion was opened 
by Commander F. M. Barber, U.S.N., by invitation, and Capt. 
Rodgers Birnie, Jr.. of the Ordpance Dept., U.S.A., and Lieute- 
nant Beehler, U.S.N., had also accepted a request to contribute. 
Messrs. Oberlin Smith, Grimshaw, and Stirling, took further part 
in the discussion. At the close of the paper the session ad- 
journed. 6 


Fourtu Day, Junge 3, 1887. 


The morning was left without assignment and parties visited 
- points of interest in the city. The largest party visited Cabin 
John Bridge, which is one of the largest stone arches in the 
world, 

The fifth and concluding professional session was held in the 
afternoon. The first paper was by Mr. Thos. S. Crane, of 
Newark, entitled “ Direct-acting Steam Veneer-Cutters,” and was 
discussed by Messrs. Stirling, Walker, and Stratton. 

Mr. George H. Babcock, of New York, presented his paper 
on “A New Method of Making Tubes from Solid Bars,” and it 
was illustrated by samples of such tubes in steel and in brass. 
The discussion was given by Messrs. Hewitt, Stillman, Crane, 
Schuhmann, Kent, Hutton, Grimshaw, Bond, J. F. Wilcox and 
Stirling. 

A paper by Mr. James Dredge, of London, England, honorary 
member of the Society, had been sent in, entitled “ Gaslighting 
by Incandescence.” The paper had not been received in time to 
be distributed among the members, but it was presented under a 
suspension of the rules in reference to debate on p@pers, and was 
read in brief by Mr. W. H. Wiley. No discussion being elicited 
from those present, the Secretary was directed to solicit written 
discussion from absent members. 

The remaining Topical Queries were then taken up and oceu- 
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pied the time until adjournment. Mr. Stratton spoke on a “ form of | 
safety-valve on the weight and lever principle for boilers on small 
vessels in rough water.” Messrs. Stirling, Stratton, Kent, Walker, 
Dicey, Bond, Randolph, and Woolson discussed the question : “Is 
6,000 lbs. per square inch as provided in the U, S. Inspection Laws 
for steam vessels a necessary limitation for stays in marine boilers?” 
In this connection Mr. Stirling proposed that a committee of the 
society be appointed to look into this matter of boiler stays gene-_ 
rally, and to make the necessary experiments, so as to advise the 
members on these points. ‘The motive to appoint such a com- 
mittee was put and was lost, the vote being very light upon both 
sides of the question. 

Messrs. Dutton, Kent, Walker and Woolson, discussed the 
‘limit of stress for chains as used on cranes: Messrs. Thurston, 
Walker, Kent, Bond, Woolson and Babcock gave experience as. 
to the “ average efficiency of a man when turning a crank; Messrs. 
Bond and Walker spoke on the average loss of efficiency from 
friction in ordinary hoisting machines operated by hand. 

This discussion coneluded the professional material of the ses- | 
sion. The following resolutions were thereupon presented by 


Mr. C. T. Porter: 


Resolved, That the American Society of Mechanical Engineers tender their 


most sincere thanks to the members who have actedas a Local Committee of 


Arrangements for the Washington Meeting, for their efforts and for their success — 
in making our meeting in that city one of the most enjoyable of the conventions — 
of the Society. 

Resolved, That the Society desire to express their most hearty recognition to - 
the Hon. Josiah Dent and to Mr. Edward L. Dent for the courteous reception 
extended to them on the occasion of the enjoyable evening in their hospitable | 
and historic mansion. 


These motions being put by the President, were carried with 
enthusiasm, and the XVth meeting stood adjourned. 


| 


CCXLIL. 
A NOTE ON HELICAL SEAMS IN BOILER-MAKING. 


BY R. H. THURSTON, ITHACA, N. Y. 


(Member of the Society.) 


In some cases the seams of the shells or the flues of boilers are 
put together in helical form, and some increase of strength is thus 
secured in the longitudinal at the expense of the girth seams. If 
-n represent the ratio of the projected length of the seam on the 
circumference to the corresponding length of the projection longi- 
tudinally, the ratio of strength, as compared with the common 


Ey seam, is measured by the ratio, 


9 
2n? +2 
n= ° \ 


Or, in Figure 150, let 4 B C represent a part of a 
sheet on which the diagonal A C is the line of the 
joint; A Bis the corresponding longitudinal joint, as 

commonly made, and B C the girth seam. 
Then the stress per unit of length of A B will be 
unity; that on #2 C will be 2, and the 
} total stresses will be, respectively, 2 


and », where 2 measures the ratio 
| of BC to A B, or the “rake” of the 
| seam. The total resultant stress will 
be B E on the joint A C, and its 
| normal component will be 2B £, the 
| sum of the components of those on the 
longitudinal and girth seams, A 2 and 
| BC, resolved perpendicular to C, and 
the intensity of that stress is the quo- 
Fig. 150. tient of this sum divided by the length, 
A OQ, of the seam. Hence, the intensity on A B will be, 


9x AB 


24 
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that on B Cwill be 
that on A C will be _ 


2 sin cos 


When x is given the values below, the ratios of strength of seam 
are as tabulated. 
STRENGTH OF HELICAL SEAM. 


(Common longitudinal seam = 1.) 


a 


When 2 = 0, the joint is parallel with the axis of the cylinder: 
it becomes a longitudinal seam. When n = ©, it becomes a girtl 
seam of twice the relative strength. When the angle of “ rake” is 
80°, the gain is 10 per cent.; when 45, the gain becomes 0-4. It 
is obvious that this form of seam is very wasteful of metal, if sv 
much inclined as to secure any considerable gain of strength, if 
the boiler or the flue is built of a succession of ring courses laid 
side by side; in such constructions as Root’s “spiral pipe,” in 
which the courses are helical, this objection does not hold. . 
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CCXLIII, 


THE SYSTEMATIC TESTING OF TURBINE W. R- 
WHEELS IN THE UNITED STATES. 


R. H. THURSTON, ITHACA, 


(Member of the Society.) 


Tue habitable portion of the United States of America (excluding | 
Alaska) extends over nearly 45 degrees of latitude and 60 degrees 
of longitude, The middle portion of this enormous territory is 
level and without streams of rapid fall; but the Atlantic coast is — 
supplied with an enormous water-power by large streams and great 


rivers draining the lines of the Cordilleras Mountains, a range ex-— 


tending from Canada on the north to the Gulf of Mexico on the 


its length. Great rivers and many smaller streams also run from _ 
these mountains to the westward as feeders to the Ohio and the 
Mississippi. 


Rocky Mountains, and the Sierras on the Pacific Coast, traverse — 


America and Alaska on the north, and through Mexico intoSouth | 
America on the south, 

On the borders of the great lakes, and here and there in the- 
more level country adjacent to the Mississippi and its feeders, are- 
occasionally to be found streams of considerable magnitude, afford-_ 
ing, at long intervals, where moderate falls occur, sufficient water- 
power to drive many mills and workshops. Throughout New Eng- 
land, the water-power thus available is utilized to a very great: 
extent; but in the South and West, the tremendous energies— 
offered te the people by the bounty of Nature have been utilized 
to but.a very small extent. 

The total amount of steam and water-power employed in the 
United States was reported in the United States census of 1880 at 
3,410,837 horse-power, an increase of 45.4 per cent. since i870. 
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Of this power, steam-engines furnished 64 per cent. and water- 
wheels 36; in 86,000 establishments, there were at work above 
55,404 water-wheels of a collective power of over 1,225,000 horse- 
power, and over 56,483 steam-engines of 2,185,458 horse-power, 
supplied with steam from 72,000 boilers. 

A considerable change in the relative magnitude of the two kinds 
of power has ocenrred during the ten years which elapsed between 
the census of 1870 and that of 1880. At the earlier date the power 
furnished was very nearly equally divided between water and 
steam-power. The use of steam has increased more rapidly than 
that of water-power, and this change will undoubtedly continue for 


an indefinite period. Nevertheless, the use of water-power is grow- 
ing, and will continue to grow so rapidly as to furnish an enormous 
and an extending market until the steady decrease of water-power 
available throughout the country shall, ere many generations, as- 
sume such serious proportions as to affect the business interests of 
the nation. 

The number of water-wheels in use in the United States to-day 
exceeds the number of steam-engines; and, of the total amount of 
power furnished by the latter, the principal part is obtained from a 
half-dozen large rivers. The amount of power so available may be 
imagined, when itis known that the Merrimac River supplies 10,-. 
000 horse-power at Manchester, N. H., and an equal amount at 
Lowell, under heads of about 56 and 35. feet, respectively ; the 
Mohawk is capable of furnishing, in good seasons, 10,000 horse- 
power at Cohoes, N. Y., under a maximum head of 100 feet; the 
Androscoggin gives, at Lewiston, Me., an equal amount under 50. 
feet head, and the Connecticut River at Lolyoke, 18,000 horse- 
power; while the Falls of Niagara will, undoubedly, in time, be 
called upon to yield a part at least of their 3,000,000 horse-power 
with a head of 160 feet. 

These great water-powers are usually under the control of a cor- 
poration, empowered, by act of the legislature of the State within | 
which the fall is situated, to erect and maintain dams and acces- 
sories, and to use, or to rent, the power so obtained at such rates as — 
they may find most profitable.* Thus it happens that the whole 
power of the Merrimac at Lowell, and that of the Connecticut at 
Holyoke, is controlled by a “ Water-power Company,” at each 


* At Lowell the six or seven principal manufacturing corporations form the — 
Water-power Company, owning shares of stock in proportion to the power owned © 
by each company. 7 
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place, and all consumers of power are compelled to deal with this 
corporation on such terms as it may dictate. The water-power 


companies are, however, directed by good business men, who rec- 
ognize the advantages of a policy which encourages the introduc- 


tion of a variety of manufactures into the place, and the encourage- 


ment of the use of the available power to the best advantage. The 


method of sale of power is substantially the same at all the principal 
falls. Power is sold by the * mill-power,” which is a quantity of 
slightly variable amount. At Lowell it is the equivalent of 30 feet 


per second under 25 feet head; at Minneapolis, where the whole 
current of the Mississippi pours over the Falls of St. Anthony, the 
mill-power is 30 cubic feet per second, under 22 feet head, or its 


equivalent; at Holyoke, it is the equivalent of 38 cubic feet under 


a head of 20 feet. The prices are very variable with location and 
time of sale. The mill-power at Lowell is equal to about 85.2 
theoretical H. P. 16 hours per day. None is sold, all being used 
by the mills included in the Water-power Company. At Holyoke 
the payment * is but $3800 per annum for the equivalent of 90 II. 
P., or S4.17 per horse-powtr, 


The forms of motor employed in the utilization of the water- 
power of the United States, although very numerous, are almost 


universally of the class known as turbines—wheels in which the 


current is received at one extremity of a bucket-channel, and dis- 
charged at the other end, traversing the conduit continuously and 


not with reversal, as in the older and more cumbersome “ vertical ” 


water-wheel. These wheels are all small as compared with the — 


other class, quick-motioned, light, and of inexpensive construction. 


A very large proportion are of the type which may be designated 
as the “inward and downward” flow. This differs from the in- 
ward flow-wheel, of which that of Professor James Thomson is 
good example, in the fact that the bucket channels are so con- 
structed as to turn the water downward, discharging it in the line 
of the axis. The very best work done in the United States has — 
been usually done by turbines of this kind. Some of these, as have 


many of other kinds, proved inefficient and unsatisfactory in 
their operation ; this is but a natural consequence of the fact that a 
large number of builders have gone into the business without pos- 


sessing the most elementary knowledge, either of the principles or 


* This is not the price of the power ; itisonly that portion of the purchase price | 
of land and power which the Water-power Company demands in the form of an 
annual rental. The balance may be, and generally is, paid in money or notes. 
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the working of such wheels. In fact the best work done in the_ 
country has been that of makers who have gradually, and at great 
cost, in time and money, experimentally felt their way, in the im- 
provement of these motors, up to a state of excellence in their 
wheels which has probably never been equaled elsewhere. It may — 
undoubtedly be the fact that efficiencies, such as will be given — 
later, as obtained by test, have been occasionally attained by single — 
wheels, in instances in which the wheel has been constructed with 
extraordinary care and at great expense; but the American turbines | 
are usually cast with buckets in place, and are set at work very 
nearly as they come from the foundry. A sharp competition in the 
market usually forbids the expenditure of much time and labor in- 
finish, or in machine-shop work. Ina few cases, including one 
which will be referred to at some length presently, the buckets are’ 
cast separately and bolted in; but, even in this ease, the surfaces— 
of the guides and buckets are left with the skin upon them, just as- 
they leave the foundry. 

The magnitude of the business of turbine-construction, and the 
closeness of the competition among the Yeading builders, has led to— 


the most remarkable success in their efforts to reduce the cost of 
construction, while increasing efticiency. Purchasers, also, have 
gradually come to understand that no wheel can be safely taken for 
use, in localities in which water-power is valuable, or of limited 
amount, without careful test of its power, efficiency, and regulation. 

It has thus occurred that makers and users have slowly, but steadily, 
approached a basis of agreement, in the buying and selling of these 

wheels, which seems now likely to become universally accepted on 
both sides. Those makers who do not come to this standard are— 
certain to be compelled to take a secondary place in the business, 
and to submit to losses, both in prices and of business. 

The larger falls of the Eastern section of the United States are 
usually, as above stated, under the control of powerful corporations 
which have secured the control of the water-power, and rent the 
power to users, taking, as rent, a certain sum per “ mill-power,”’ 
the power being a gauge of the quantity of water used. The water- 
power companies have also come to use the wheel as a water-meter, 
and are thus interested in determining the quantity of water used 
at the various openings of gate, as well as in ascertaining the efli- 
ciency of the forms of turbine in use among consumers, In several 
ways, therefore, influences have been at work tending to bring 
about a system of testing turbine water-wheels, and this system is 
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now thoroughly established in certain localities, and is already con- 
trolling the character of wheels, and the methods of sale, in the 
whole country. The testing of turbines is no new thing, in itself, 
but the general use of this method of determining precisely what 
is the value of the wheel bought and sold is, so far as the writer is 
aware, peculiar to the United States. 

The systematic testing of turbines was begun many years ago, 
and the following account, based upon statistics and informa- 
tion from scattered sources, but principally gathered through the 
assistance of Mr. James B. Francis and of Mr. Clemens Herschel, 
may prove interesting. 

The first work of this character was done long before the 
turbine became well known in the United States. As early as 
1823, Fourneyron had begun to study the then rude forms of 
turbines, with a view to their improvement, and when, in 1827, he 
brought out his own invention, he introduced with the wheel a 
systematic test, by means of the Prony Brake, as a no less import- 
ant matter than the introduction of the Fourneyon wheel itself. 
Using the now common method of determining efficiency, he ob-— 
tained, with somewhat uncertain measures of water used, efti- 
ciencies reported as from 65 to 80 per cent. for different wheels, © 
under varying heads, and at varying speeds. The use of the brake, 
and the careful test of wheels of this class, has been continued from 


that day to this. “ La Société d’ Encouragement pour |’ Industrie 
Nationale” is to be credited with the introduction of an intelligent 
general system of comparison of wheels, and correct methods of | 
determining efficiency, in the establishment of a “Concours” into | 
which Fourneyron entered, receiving from the Society the prize of 
6,000 franes, offered for the best wheel of this class.* : 
Contemporary engineers at once took up this method of com- 
parison of wheels. Thus, Morin, in 1838, reports} the results of 
atrial of a Fourneyron wheel, as giving an efficiency of 69 per cent., — 
with but slight change of value for a wide range of speeds, and it ran 
equally well, whatever the degree of submergence. With another 
wheel, he obtained 75 per cent. Combes, at about the same time, 
found that he could get an efficiency of above 50 per cent. with his’ 


reaction wheels; + and Redtenbacher made similar tests of turbines 


* Memoire sur les Turbines Hydrauliques ; H. Fourneyon, Bruxelles, 1840. 
+ Experiences sur les Roues Hydrauliques ; Paris, 1888. 
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in Germany. From that time forward, this was a standard method 
_ of testing turbines in Europe. 

The earliest systematic test of turbines in the United States, so 
far as can be ascertained, was made by a then well-known engineer, 
Mr. Ellwood Morris, of Philadelphia, in 18438, and in the State of 
Delaware, as reported in the Journal of the Franklin Institute for 

December, of that year. The maximum efficiency reported is 75 
per cent. This was reached when the velocity of whirl, at the 
interior of the wheel, was 45 per cent. of the velocity due the whole 
head. In the following year, in February and March, Mr. James 
B. Francis, who has since become a distinguished engineer, and 
well-known for his extensive and valuable work in this direction, 
and in establishing useful hydraulic formulas, determined the 
power and efliciency of a high-breast water-wheel, in the city of 
Lowell, using a Prony Brake, fitted with a dash-pot, to prevent 
irregular operation ; this “hydranlic regulator” is said to have 
been suggested by Mr. Uriah A. Boyden, the great engineer, who, 
later, designed turbines of extraordinary efficiency. This was 
_ probably the first application of this important detail in the use of 
brake. 

In the months of January, February, and Mareh, 1845, Mr. 
Boyden made a trial of a turbine, designed by himself, in the 
city of Lowell, using the Prony Brake, and obtained an efficiency 
of 78 per cent. as a maximum. In December, 1846, he made — 
similar trials of one of his turbines, at the Appleton Mills, in 
Lowell, and there obtained 88 per cent. These wheels were of the 
Fourneyron type, with certain improvements effected by Mr. 
dsoyden, including diffusers and other peculiar devices. 

Mr. Boyden, in 1846, contracted with the Atlantic Cotton Mills 
of Lawrence for three large turbines, to be designed by him, and 
built under his superintendence, the compensation for services, and 
for patent rights, to be $2,000 if the efficiency should attain 76 
per cent., and $350 for each additional one per cent. gained above 
that figure. The trial, under the contract, was made in 1851 by 
the designer; but as the parties to the agreement could not come 
to an understanding, a law-suit followed ; but the case was sent by 
the presiding justice to a Board of Referees, consisting of Professor 
Joel Parker, of the Law School of Harvard College, Benjamin 
Pierce, the distinguished Professor of Mathematics at the same 
institution, and Mr. Francis. This Board received the evidence in 
the case, and found that the various methods of reckoning thie 
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water consumed, as presented by the attorneys for both sides, pro- — 
duced calculated efficiencies varying from $8.5 per cent. upward. 
This minimum quantity, as given by their measurement, was claimed 
by the proprietors of the mills, and was accepted by the Board, and 
the contract was so settled. One of these wheels more recently 
tested gives the following figures, which are more nearly repre- 
sentative of recent practice. 


TESTS OF AN 81" RoyDEN TURBINE. 


Gate. | Prop. Disch. | Head. = Efficiency. 


1.000 000 12.90 79.37 


0.870 { 12.88 


13.01 50.12 
13.28 51.8) 


13.42 50.10 


Mr, Francis continued the work of determining the efficiency of 
turbines from this time forward, testing many wheels of several 
types. Liis most extensive and most important work is described, 
in great detail, in his Lowell Hydraulic Experiments.* In 
this book, he gives the data upon which he bases the formuia for— 
flow of water over weirs, which is now used by all American en- 


gineers in work of this character. Ie also deduces rules of con- 
struction which have since been very generally used in the design 
of turbines of the Fourneyron type, and which have been found — 
to give excellent results. They are, however, like all empirical — 
rules, to be used with caution where the conditions to be met differ — 
from those of the tests upon which they were based. Mr. Francis 
has used these rules in the construction of a large number of— 
wheels built for the mills at Lowell, and with great success.: 


The system of trial of wheels proposed to be used by purchasers : 
of water from the water-power company with which Mr. Francis — 
has been connected, and for the purpose of making them meters, 
was first introduced by him, and has now been found an essential — 


* New York, D. Van Nostrand, 1880, 


959 149.200 | 7.18 
493 786 107.54 | 64.97 
251 535 45.99 | 39.80 
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feature of the successful management of this kind of property ; 
all large water-power companies now practice it. This system 
will be referred to again later. The regular testing of water- 


~ wheels has, from this period, never ceased. Many tests have been 


made at Lowell by Messrs. Francis and Mills, and similar trials 
have been made at Philadelphia, and at other places at which con- 
siderable water-power is available, and in use. 


One of those engineers who have done much work of this char- 
acter is Mr. James Emerson, whose history illustrates the pe- 
culiarly American habit of passing from one business to another 


with remarkable facility, and yet contriving to accomplish some- 


thing, wherever he may tind himself. Mr. Emerson was a seaman 
during the earlier part of his life, and in 1868, while contriving a 
~ new form of dynamometer, of the transmitting kind, he was re- 
quested, by Mr. A. M. Swain, to design a Prony Brake embody- 


ing his improvements, for the purpose of testing a form of turbine 


then constructed by Mr. Swain, and to be tested in a flame built 


by that engineer from designs by Mr. Francis. Mr. Emerson, at 
this time, as he states, was entirely ignorant that such an instru- 


ment had been earlier invented, and had never heard the name 


of the Prony Brake. 


The instrument was designed and constructed, and the wheel 


was tested by Mr. Emerson, at Lowell, at a flume specially built 


— for the purpose. The results were so encouraging, that it was con- 


cluded to employ a professional hydraulic engineer to repeat and re- 


vise the work with Mr. Emerson. The engineer selected was Mr. 


IL F. Mills, of Boston, and the Swain Turbine Co., having decided 
to open their flume for the purpose, a competitive test of all tur- 


-bines which might be offered for the purpose was announced, June 


16, 1869. The pit was 14 feet wide, 30 feet long, and 3 feet deep, 
measuring trom the crest of the weir. The best results were ob- 
tained with the Swain and Leffel wheels, ranging, for the first, 
from 0.668 up to 0.789, and for the second, from 0,619 up to 
0.799. The Swain whee! was stated by Mr. Emerson to have ex- 
hibited’great internal friction, and to have lost efficiency seriously 


from that cause. Later tests, especially those reported upon by 


Mr. Mills,* confirm this conclusion, giving efficiencies exceeding 


80 per cent. as follows : 


* Journal Franklin Institute, 1870. 
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Tests oF A Swarn TURBINE. 


Prop. Disch. Head. Revs. 


14.25 | 119.13 32.20 


119.81 .50 


115.04 


108.58 


The competitive test just described seems to have been the be-- 
ginning of a series of such tests, as well as of a general system of 
public tests of turbines at testing flumes open toall users and build-— 
ers of wheels, and these tests have continued, in the United 
States, to the present time. The reports upor the results of tests 
made, as just described, at Lowell, attracted the attention of the 
late Mr. Stuart Chase, then agent of the Holyoke Water-power | 
Company, who at once saw the immense importance of securing 
the adoption of sucha system, at Holyoke, for the benefit of the 
company with which he was connected. He wrote to Mr. Emer- 
son: “ The testing of turbines is the only way to perfect them, 
and that is a matter of great importance. Move your works to — 
Holyoke, and use all the water that is necessary for the purpose, 
and welcome, free of charge.” At Lowell, Mr. Emerson had been 
compelled to pay for the water used. At this time, Mr. Emerson 
was conducting the tests asa matter of private business. He at 
once accepted the liberal offer thus tendered him, and removed to | 
Holyoke, where he continued the testing of turbines until it was” 
taken in hand by the Holyoke Water-power Company. The re-— 
ports of work done were published; and undoubtedly were the 
means of bringing a number of wheels up to a state of high effi- 
ciency. The reports were found, by hydraulic engineers, to be- 
full of valuable data, and, although not systematically arranged, or 
as complete in the analysis of the distribution of useful and lost — 
work as a professional might have made them, form an extensive 
and valuable collection of figures. These, with such reports as 
those of Mr. Francis, embodying the most painstaking analysis, | 
supply the engineer with much of the essential data needed in his — 
work. The later work of the Holyoke Water-power Company, | 
which combines the facts and data with careful and skillful analy- — 
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sis, is likely to prove still more valuable. It will be described at 
considerable length presently. 

One of the earliest tests of turbines, at the flume at Holyoke, 
was witnessed by the writer in August, 1872, he having been in- 
vited to be present at the test, with two of the oldest hydraulic 
engineers in the United States, Messrs. Samuel Webber and L. M. 
Wright—the latter of whom was well known as the engineer who 
so boldly and skillfully gauged the Niagara River, at the Falls, 
driving the little steamer, Mazd of the Mist, wp under the falls, as 
closely as her power would carry her, and sounding a line directly 
across the stream at that point. The best’ figures obtained at this 
trial, which were those of a wheel designed and built by Mr. N. 
F. Burnham, of York, Penn., were as follows: the wheel was 
36 inches in diameter, the head above the wheel 18 fect. The 
etticiency at full gate was from 78.4 to 81 per cent., the revolutions 
ranging from 156 down to 147 per minute, and the best work be- 
ing done at the latter speed. The power of the wheel varied be- 
tween 53.18 and 55.45 H. P., discharging from 199.52 to 2005.73 
cubic feet per minute. A second wheel gave efficiencies closely 
approximating 80.5 per cent. Each was tested tive times under 
the same head, and at full gate, the variation of efficiency proving 
to be unimportant at suecessive trials under similar conditions. 
Part-gate tests, made by blocking up guides, were also miade, giv- 
ing lower figures which are of no value as indicating the efticiency 
of the wheel as ordinarily used with its usual method of governing. 
Mr. Burnham, whose wheel is here referred to, was one of the tirst 
builders in the United States to put up a flume, and to determine 
the efficiency of his own wheels by test. His flume was built in 
the early part of the year 1870. 

In 1876, the Centennial Commission authorized the judges at 
the International Exhibition to conduct a series of trials of turbines 
there on exhibition. The apparatus for use at these Centennial 
tests was constructed for the purpose, under the supervision of one 
of the most exnerienced hydraulic engineers in the United States, 
Mr. Samuel Webber, of Charlestown, N. H., one of the judges in 
that department, and a member of the American Society of Mechan- 
ical Engineers. 

A large tank was built under the floor of the “ Hydraulic An- 
nex,” and at aheight of 33 feet above it was placed another tank 
supplied from the lower one by a set of Andrews centrifugal 
pumps, capable of raising nearly 2000 cubic feet of water per 
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minute. The pen-stock was 4 feet in diameter to the wheel cas- 
ing, which was 8 feet in diameter, and 6 feet high. The tail- 


race was 14 feet wide and 8 feet deep, terminating at the large 


tank under the floor. The measuring weir was 9 feet long, the 


water flowing over an edge formed on a cast-iron plate, planed 


down to 4-inch thickness and then beveled to an edge at an angle 
of 45 degrees. 


The method of test was essentially_that practiced by Mr. Fran- 
cis, and will be more fully described Jater in the account to be 
given of the testing flume at Holyoke. Many of the wheels of- 
tered for test were found, as is very usually the case, to be more or — 


less defective in fitting and workmanship, and the results obtained 


were not always such as to reflect great credit wpon American 
builders of turbines. All the wheels tested, with two exceptions, 
were made in the United States. Two Canadian wheels gave 
avery good record at full, or nearly full, gate. The competitive 


tests and the private tests made since that time by builders desirous 
of improving their wheels have brought about great changes in 


design, and correspondingly great changes in the efficiency of the 
wheels made by the best constructors in the United States. : 


The best results reported at the Centennial Exhibition were 
given by a Risdon Turbine, a wheel of the inward and «downward 
tlow type, the most successful type now known in the United — 
States. The Swain wheel tested at Lowell, as above, is also of this 
kind. The Risdon wheel was 30 inches in diameter, 1.006 square 
feet area through the minimum sections of wheel buckets, 1.257 
feet through the guides, and delivered the water from the bucket 
orifices at a velocity relative to the wheel, of 624 per cent. that due 
the total fall—say 70 per cent. that due the effective head at the 
entrance to the guides. These proportions may seem peculiar to 
European constructors of turbines; but the judges making the _ 
tests (Report, p. 10) reported 87.68 per cent. at full gate. This 
figure is subject to the criticism made below, but so remarkable — 
nevertheless that it can hardly be questioned that the peculiar pro- — 


portions of the wheel are such as are well adapted to reduce loss, 
by friction and disturbance of current, to a minimum. This wheel _ 
had previously been tested in the old flume at Holyoke, with — 
quite different results, giving 90.22 per cent. at full gate. At 
this trial, it discharged the water from the exit orifices of the 
wheel with a relative velocity of 61} per cent. that due the total _ 
fall. Tested once more by Emerson, after the exhibition had closed, 
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and at the old flume, the wheel gave a maximum efticiency of 86.41 
per cent. These differences in efficiency are attributed to varia- 
tions in the setting of the wheel; but they would seem to the 
writer quite as likely to be evidences of variation of accuracy of ap- 
_ paratus, or of tests, amounting to several per cent. At the ex- 
hibition, the wheel was so set that its loss by friction and leakage 
Was made a minimum. 
~The velocity of whirl of these turbines, at the receiving side, 
exceeds that of the water at entrance from the guides, giving 
- wnusual power to the wheel for its size. 
The following is a tabular statement of the results reported by 
the committee to the authorities, at the close of the tests of all 
turbines entered at the Centennial Exhibition: 


TESTS OF TURBINE WATER-WHEELS AT THE U. 8, CENTENNIAL EXHIBITION, 1876 


Percent, Ver cent. | Per cent. | Per cent, | Per cent Per cent. | Per cent 
MAKER'S NAME, full about | at about about at about at xbout at about 
NAME THE WHEEL 18 KNOWN BY.| OF of tl | of full of full | ef fall of tull of full 
GMCUATES: discharge. discharge. discharge. discharge discharge. discharge 


Risdon Wheel 
National Wheel 83.79 
Geylein Wheel (single)... 
Thos. Tait .. 
& McCullough.... 
Rodney Hunt Mach, Co... 
‘Tyler Wheel 
ievlein’s (duplex) * 


T. Cope & Sons....... | 
Barber & Harris......... | 

York Manufacturing Co.. | 
F. Mosser & Co 75.15 4.8 71. 66.04 | 
A. N. Wolf. 15 | 61.82 
A. N. Wolf 64.30 

J, Bollinger 

American Turbine 

Chase Turbine Co 
York Manufacturing Co. 

(experimental) ........ 


The limits of error are evidently here very uncertain ; they are 
undoubtedly considerable as compared with the later work done in 


* This wheel was a double wheel with double guides, having no gate, Only 
= part of the wheel and guide was uncovered to get part-gate results. There- 
fore the part-gate result reported is not a part-gate compared with the other 


| | 70.40 | 66.85 | | 55.00 
| 94.74 
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the permanent flume at Holyoke—possibly they may be as much 
as + or 5 per cent, 

The later great work of improvement of American turbines, by 
systematic test, has been principally effected at the Holyoke flume. 

The object aimed at by the Water-power Companies of Lowel] and 
of Holyoke, in the establishment of testing flumes for turbines, is the 
determination of the power and efficiency, the best speed, and the 
quantity of water lowing at from whole, to, say, half gate, so exactly 
that the wheel may be used as a meter in the measurement of the 
water used by it. The quantity of water passing through the 
wheel, at any given gate-opening, will always be practically the 
same at the same head, and the wheel having been tested in the pit 
of the testing flume, and its best speeds and highest efticiency de- 
termined, and a record having been made of the quantity of water 
discharged by it at these best speeds and at all gates, the turbine is 
set in its place at the mill, speeded correctly for the head there 
afforded, and a gauge aftixed to its gate to indicate the extent of 
gate-opening. The volume of water passing the wheel at various 
openings of gate having been determined at the testing flume, and 
tabulated, the engineer of the Water-power Co. has only to take 
a look at the gauge on the gate, at any time, or at regular times, 
~ and to compare its reading with his table of discharges, to ascertain 
what amount of water the wheel is taking, and to determine what 
is due the company for the operation of that wheel, at that time. 
The wheel is thus made the best possible meter for the purposes of 
the vender of water. 

Knowing, also, the efficiency of the wheels drawing from the _ 
canals controlled by the corporation, it soon becomes to the inter-— 
est of both user of wheel and vender of water carefully to test 
wheels proposed for use at that site, and to select by such test the 
most economical wheel, both as a matter of economy of cost in 
purchasing water, and as a means of making the most of the avail- 
able water-power, when, as is now the case at all large centers like 
the cities here referred to, the demands for water at market rates 
may exceed the supply. The interest of the proprietors of the 
water-power, as well as of the citizens of the place, dictate the 
adoption of a policy which will encourage the development of man- 
ufactures, and will lead to the extension of the privilege of water 
consumption to as many takers as possible. The introduction of 
efficient wheels thus becomes the declared policy of every water- 
power company. It has thus happened that old wheels of Boyden, | 


a 
} 
 &§ 


THE SYSTEMATIC TESTING OF TURBINE WATER-WHEELS. 


which are modified Fourneyron turbines, and others which were 
also once famous for their efficiency, have, during later years, been 
displaced, at Lowell, by more modern wheels. At Holyoke, as at 
the former city, the tendency is very strongly exhibited to use only 
a very small number of makes of wheel, selecting the best, by test 
at the flume established for the purpose by the company supplying 
the water. The work of the distinguished engineer of the Lowell 
Company, Mr. J. B. Francis, at that place, and the work recently 
done at Holyoke by Mr. Herschel, in this direction, is having a 
wonderful effect for good, in the encouragement of the develop- 
ment of efficient motors of this class, and in the opening to such 
efficient wheels of a large and a healthy market. The trade is 
_ settling, after a period of uncertainty and irregularity, into a very 
satisfactory condition—to those who are so fortunate as to be able 
to build a wheel that comes up to the very stringent specifications 
of the buyer, in price and performance. Fortunately, experience 
and direct test of the wheels in the market, show that the 
efficiency of turbines has been increased without at all complicat- 
: ing them in design, or adding to the cost of their construction. 
The Holyoke Water-power Company, having arranged for test- 
ing turbines at the flume constructed for Mr. Emerson, at Hol- 
yoke, for the purpose of determining the standing of wheels 
offered for use at that place, by their tenants, determined to issue a 
general call to builders and makers of wheels, asking them to send 


in their turbines for test. Accordingly the following circular was 


sent to the principal builders : 


Holyoke, Mass., April 10, 1879. 


NOTICE TO TURBINE BUILDERS AND MANUFACTURERS. _ 


The practice of testing turbines, so common the past ten years, has undoubt- 
edly done much toward bringing the best into use ; but there has been one 
serious defect in the system ; that is, the practice has generally been confined to 
the trial of small wheels, owing to the great expense that would be caused by the 
tests of large sizes. As it isa matter of vast importance that the best turbine 
_ plans should be established beyond chance for doubt, this Company has provided 
_ means for a thorough competitive test of the various kinds of turbines that may 
be offered for trial, and invite Water-power Companies, citles that pump their 
water supply, and all others interested in the matter, to take part therein. Each 
builder shall superintend the setting of his wheel ~the setting and testing to be 
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done at the expense of the Water-power Company. * Capacity of each wheel to 

be sufficient to discharge about 5,000 cubic feet of water per minute, under 18 

feet head. Each wheel wiil be thoroughly tested from half to whole gate, and, 

if deemed best, under at least two different heads ; also under several feet of 

back water. At the conclusicn of the trial, a full report will be made of the 
results obtained and of the workmanship and provable durability of each kind | 
of wheel tried. Turbine builders of this or auy other country are invited to— 
furnish wheels, and those proposing to do so should give notice of such intention 

as soon as possible. 

Tests to commence the first day of September next. 


Builders were also requested to furnish “draught-tubes,” or “ suc- 
tion-pipes,” in order that the value of such appendages might be 


ascertained, and manufacturers of gearing were desired to send in 

gearing for the purpose of giving an opportunity of measuring the 
loss of efficiency in the machinery of transmission. The wheels | 
were set under the direction of Mr. Emerson; the tests were — 
directed by Mr. Webber, and the builders were represented at the — 
flume by Mr. Theo. G. Ellis, since deceased. The report on the 
tests made was prepared by Messrs. Ellis and Webber, and certi- 

tied to by Mr. Emerson. The work was done publicly, in the pres-— 


ence of the representatives of the builders of the wheels and of 

invited witnesses, including a number of distinguished engineers. 

The following is an abstract of the results reported, as published by — 

the Holyoke Water-power Company.+ 

sabe 
rESTS OF TURBINES. 


Holyoke, Mass., U.S. A., 1879. 


TABLE SHowinG AVERAGE EFFICIENCIES AT PART-GATE, 


 ptofull. full. 
Percent. Percent. Per cent, 


New American .732 .763 
Success .708 786 

.744 .712 
Thompson | .696 721 709 
Nonesuch .619 .666 
llouston 


During the tests, the best speed was found for full-gate, and the 


* Builders who have not patterns for wheels of so large capacity may enter _ 
their largest size, but it is better that all should discharge about the same quan- — 
tity. 


+ Holyoke Hydrodynamic Experiments, 1879-80. Springfield, 1880. 2a 
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water then gradually shut off to part-gate, falling to about one- 
half the maximum, the engineers noting the efficiency at the 
— several rates of supply. 

The results of these tests are also represented graphically in the 


accompanying illustration, Fig. 130, in which the abscissas measure 

~ proportion of water used, and the ordinates are proportional to 

the efficiencies obtained. The diagram so obtained gives a better 

idea of the relative standing of the wheels than does the table, and 
shows better the effect of variation of gate upon each. 

Examining the diagram and the foregoing table, it will be 

observed that the Houston turbine, which has the highest percent- 

TESTS OF TURBINES 


Holyoke, Mass., 1879. 


VARYING EFFICIENCIES WITH VARVING FLOW 


Fira. 130. 


age of effect at full-gate, is the least efficient at from half to three- 
quarters, and from half to full gate, of all those shown on the 
diagram, and is only superior to the Nonesuch at from three-quar- 
ters to full-gate, and that by a very trifling amount. The wheel 
which apparently has the highest percentage is really the least 
desirable for actual use. Taking the average useful effect of the 
wheels shown from one-half to full gate as a measure of their effi- 
ciency, their relative value is in the order shown in the table. 

The experiments with “ draught-tubes,” or “suction-tubes,” whicli 
were actually “diffusers” in their effect, so far as the writer has 
been able to analyze them, indicate the loss by friction which 
should be anticipated in such cases, this loss decreasing as the tube 
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increased in size, and inereasing as its diameter approached that of 


the wheel—the minimum diameter tried. It was sometimes found 
very difficult to free the tube from air completely, and next to 
impossible, during the interval, to control the speed with the brake. 
Several trials were often necessary before the power due to the full 


head could be obtained. The loss of power by gearing and by 


belting was variable with the proportions and arrangement of the 


gears and pulleys, length of belt, etc., but averaged not far from 30 
per cent. for a single pair of bevel gears, uncut and dry, but 


smooth for such gearing, and but 10 per cent. for the same gears, 


Fia. 131. 


well lubricated, after they had been a short time in operation. 
The amount of power transmitted was, however, small, and these 
figures are probably much higher than those representing ordinary 
practice. Introducing a second pair—spur gears—the best figures 
were but little changed, although the difference between the case 
in which the larger gear was the driver, and the case in which the 
‘small wheel was the driver, was perceivable and was in favor of 
the former arrangement. A single straight belt gave a loss of but 


2 or 3 per cent., a crossed belt 6 to 8 per cent., when transmitting 


‘14 horse-power with maximum tightness and transmitting power. 


A “ quarter-turn ” 


wasted about 10 per cent. as a maximum, and a 
quarter-twist ” about 5 per cent. Mr. Emerson states that the 
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tests showed that a turbine could be tested, under such conditions as 
were here secured, at about one per cent, of the cost of testing wheels 


. ” ten years previously, and more accurately than was possible, at any 
a cost, at the earlier date. The average cost, in 1869, is stated to 

_have been $2,500 per wheel; the cost for water alone, at Lowell, 
. i testing three Swain wheels, is given at $500. The lowest charge 
oe water was $25 per wheel at the flume there in use. The usual 


a charge, to-day, for a single test, is 10 per ¢ nt. of the list-price of 
; the turbine, with the minimum figure set at $30. 

a, These earlier testing flumes, although capable of doing good 
work, were not very elaborate, or very expensive, constructions. 
-- The two figures here given (Fig. 131 and Fig. 132) represent the 

: elevation and the plan of the flume in use at Lowell in 1869. The 


Fie, 132. 
-channel-section at the junction with the fore-bay, or penstock, was 
four or five times the section of the largest wheel to be tested in 
the flume; the penstock had such a depth that the maximum fall 
Aa might be utilized, and the tail-race to the weir was given a sufti- 
' ciently large section to reduce the velocity of approach to so small 
ss a magnitude that it may be neglected. 
_ The wheel to be tested was set at the bottom of the penstock, 
- usually, and the dynamometer was mounted directly upon the head 
a of the turbine shaft, as shown in theengraving. Small tanks, A, B, 
©, were set at the sides of the structure, communicating, by means 
a of snall pipes, with the water in the flume at the head and the foot 
w of the fall, and at the weir. The water in A stood at the level of 


= that in the head-race ; that in B at the level of the tail-race current 
leaving the wheel-case ; that in C at the height of the water at the 


| 
1 
q 


THE SYSTEMATIC TESTING 377 


OF TURBINE WATER-WHEELS 


weir. The connecting pipes were so small that all oscillations were 
intercepted, and the surface of the water in either tank was perfectly 
still. A flexible rubber pipe from the bottom of the tank, A, led te 
the lower end of a vertical glass tube, at the right, which served as 


a gauge and gave the height of the water-level in the penstock. The 


scale on which readings were taken was movable, and was adjusted 


vertically, together with a “hook-gauge” pendant from it, which 


was set to give the height of water in the lower tank B. The seale 


was thus arranged to read differences of level in the two tanks, 7. e., 
total heights of available fall. The ones on the seale was the 


measure of the heights of the marks read, above the lower level, 
and the head was obtained by taking this reading at the level of 
the water-surface in the glass gauge-tube. The zero-mark of the 
stationary lower scale, at the tank C, was at the level of the edge 
of the weir, and the hook-gauge there placed gives the height of 
the water in the flume at that point above this zero, and the depth 
of water on the weir. Both tanks were made adjustable, in height, 
in order that the surface of the water in each might be kept near 
the top of the tank, and thus be easily and accurately seen and 
gauged. It is advised that, in the construction of such flames, the 
proportions adopted by the designer of that here described be 


| 


~ adopted, 7. é., that the fore-bay be made at least twice as wide as 
aa wheel proposed to be tested, the width of the tail-race at least 
one and a half times that of the weir, and its depth four times that 
of the current over the weir at maximum flow. The weir should 


be 20 feet, or more, from the wheel, and precisely at right angles 
with the thread of the current. 

The arrangement of the flume at Holyoke, in 1872, is seen in 
the two illustrations which follow, Fig. 183 giving « view of the 


| 


Fie. 134. 


observing room at the head of the penstock, and Fig. 134 showing 


the pit, or tail-race, below the penstock, and the weir at its terminal 
end. The flume was constructed in an unused canal lock of the 
Holyoke Water-Power Company. The first view exhibits the 
arrangement for test of a turbine set as in the last figure above 
given with a vertical shaft ; the second the arrangement for testing 
wheel with horizontal shaft. 

The hook-gauge used in determining the height of water in 
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the tanks, A and B, is shown in Fig. 135. It consists of a sharp 
pointed hook, carried upon the end of a vertical rod, to which is 
secured a scale and vernier, 
the former movable with the 
hook; the latter, when at the 
tank C, fixed to the frame of 
the instrument, which is, it- 
self, fixed to the side of the 
flume. The scale and hook 
are caused to traverse the 
frame.by means of a carefully 
cut screw, having a milled 
head by means of which it 
may be easily and accurately 
set. When in use, the hook 
is raised from a lower position 
until its point just pricks the 
surface of the water, and thus 
indicates, with singular exact- 


ness, the water-level and the 
height of the surface of the 
eurrent above the weir. At 


the penstock, the vernier may 
be dispensed with, as the 


total head is determinable 
with sufficient accuracy with- 
out it. The tirst forms of the 
Boyden hook-gauge were cum- 
bersome and heavy; that il- 
lustrated in Fig. 135 is much 


lighter and more portable, as 
well as more convenient; it 
weighs but 14 pounds, and 
is but 80 inches long. A still 
more compact and handy ap- 
paratus is that exhibited in 
Fig. 136, which is the later - 
form used, and weighs but 4 3a 
pounds, The last style isused Fie. 136. 
in the later Holyoke flume, and was found by the writer to be a 
very convenient instrument. This gauge is “ self-contained,” and 
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is secured to the frame of the water-way, or to the wall of the 
flume, by screws which fasten the bracket firmly in place. A 
milled headed spindle carries a pinion which engages a finely cut 
rack, on the back of the scale rod, and thus permits as accurate 
adjustment as is desired, while the vernier mounted on the bracket 
gives exact readings. 

The form of Prony Brake, or band dynamometer, designed for 


\ 


& 


the work of testing at the Lowell flume, is shown in the accom- 
panying engraving, Fig. 137. 

The wheel B is secured to the shaft of the water-wheel, and its 
speed is controlled by the friction-band A, which is connected to 
the scale-beam as shown. The rim of the wheel and the friction- 
band are hollow, and kept cool by streams of water passing throngh 
them; the water in the rim of the wheel being supplied through 
its hollow arms and the pipe, shown in the engraving. The wheel 
B is made of cast iron and the friction-band of “composition” or 
“oun bronze.” The hands of the “counter” F, are so arranged 
in connection witha worm gear, that they can be made to rotate in 
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the same direction with the hands of a clock, whichever way the 
wheel being tested nay revolve. 

The hand-wheel for operating the friction-band through the screw 
M has a “universal jgint” in its shaft. The connection of the 
band with the scale-beam is made by knife-edged links, and the 
pivot of the beam is also kmfe-edged. The weights are suspended 
at one end of the beam as shown at C; at the other end is the 
“dash-pot,” Dj; it is better to have a “dash-pot” at the sane end 
as the weights; it is filled with water to hold the beam steady. 
The dash-pot is made of cast iron, The plunger on the end of the 
rod isa thin disk of iron turned to fit loosely, so as to allow it to 
move pertectly freely ; it las six three-eighths inch holes through it, 
stopped with brass thumb-screws ; one or more of these may be re- 
moved at any time, to render the beam more sensitive; the screws 
are left lying on the plunger, that the weight may not be 
changed. 

The method of test at the flume last described, as conducted dur- 
ing the visits of the writer, was as follows : The dynamometer was 
first carefully balanced and adjusted before starting the wheel. 
The start was made with a light weight upon the scale-pan, and the 
velocity of the wheel noted, and its effect roughly determined. 
The load was then increased, at intervals of two or three minutes, 
by 25 pounds at a time, until the speed of the wheel had fallen be- 
low that of maximum efficiency for the head; the weights were 
then reduced again and the velocity of the wheel allowed to in- 
erease until the maximum was again passed. The same process 
was then repeated within a smaller range of speed, and with 
smaller variations of load, until the speed of best work had 
been more exactly ascertained, and the performance of the turbine 
at maximum efficiency, under full head and at full gate, had 
been very precisely determined. This was repeated at each of 
the part-gates, ustially down to one-half maximum discharge. All 
doubtful measurements were repeated, and all unsatisfactory tests, 
aswell, The readings of the dynamometer, the revolution-counter, 


and of the two-hook gauges, were taken as nearly as possible simulta- 
neously, The results were finally carefully calculated and verified, 
and the reports made up on blanks which had been printed for the 
purpose. The effect of variation of speed upon efficiency, the actual 
efficiencies, and the same points as affected by variation of head, 
were the subject of investigation, as well as the variation of 
efliciency with change of gate or of flow. There is rarely found 


t 
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to be any very close proportional correspondence of quantity of 
water discharged with position of gate. 

The following are data obtained, in the manner described, from 
the Burnham wheel at Holyoke, June 15,1883, from a 36-inch 
wheel : 

TEST OF A 36-1INCH BURNHAM TURBINE, 


Gate. Water discharged. | Rey. mS Efficiency. 
| 


Full 1 000 | 1 
0.788 0.945 1: 
0.500 ). 760 | de 
0.339 0.588 ] 
0.237 0.456 1 


3g 16.5 .82 
3 .78 
5.26 
3 32. 1.80 
18 58.60 


finally ceded over to the Holyoke Water-Power Co., and was ope- 
rated by that Company, testing the wheels proposed to be used in 
the mills drawing water from the canals controlled by that corpo- 
ration, and also in testing wheels brought to Holyoke for test in 
the interest of other users, makers, or intending purchasers. It was 
very soon found advisable to erect a flume to be especially designed 
for the work of testing turbines. The importance of securing accu- 
rate data, not only to the Holyoke Water-Power Company, but to 
users of such wheels generally, as well as to their makers, had be- 
come so evident, the limits of error, though but three or five per 
cent. at the old flumes,* were becoming so important, and the extent 
of the business of testing turbines had become so great, that it was 
decided to go to considerable expense, and to erect a flume and 
buildings which should fully meet all present demands, and prob- 
ably all likely to arise for years to come. This work was under- 
taken by the Holyoke Water-Power Co.; the designs were made, 
and the construction supervised, by their engineer, Mr. Clemens 
Herschel, and the flume was completed and opened for use in 
April, 1882. 

At this time, the Company furnished to its tenants 15,000 horse- 
power by day and 8,000 by night. There were in use 139 turbine 
wheels—no other kinds of water-wheels were used—of which 59 
ran 10 hours per day, while the other 80 ran 144 hours per week, 


* The writer has before him the reports of the official tests in old flumes of 
two wheels, similar to that later tested under his own eye, as described herein, 
which gives efficiencies ranging up to ninety and ninety-four per cent.; certainly 
several per cent. toohigh, 
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i. e.,from midnight on Sunday, to midnight Saturday. These 
wheels were driving the machinery of about 70 factories and mills, 
At all of these establishments, the engineer of the Company sup- 
plying the water directs a system of observations by means of which 
he keeps himself informed of the amount of water that each tenant 
is using. He secures, each day,a record of the opening of the reg- 
ulating gate of each wheel, and a similar reading is taken every 
night, when the wheels are in operation night and day, and also a 
reading of the head acting at each wheel. These records are pre- 
served, and furnish the data from which to compute the quantity 
of water used by each tenant throughout the year, Any surplus 
power above that granted is paid for at the end of each “ quarter.” 
At times of small flow, and when the use of “ surplus” power is 
limited, the tenants are thus kept under surveillance, and are held 
to strict accountability for water used in excess of that allowed by 
their contracts with the Water-Power Company. By the prelimi- 
vary test of each wheel, it is made a meter, as already stated, and 
it thus gives the engineer of the Company a very accurate means of 
measurement of the flow. It was for the accomplishment of this 
very essential part of its system, that the Holyoke Water-Power Co. 
finally, as just stated, determined to erect a new and carefully con- 
structed flume, in which this work could be done with equal facil- 
ity in winter and in summer, day or night, and one in which the 
measurements could be made with the utmost precision, and with 
the greatest possible convenience, 

The new testing flume was constructed between two of the canals 
of the company, where a difference of level and a working head 
of 17 feet could always be obtained, and, in some cases, 19 feet. 
The flume is covered by a large brick building, in which are the 
repair-shops, a blacksmith shop, a store-room and offices. It is 
fitted up with all the apparatus required in the work of testing any 
wheels that can be supplied with water at that point, including dy- 
namometers of various sizes, gauges, measuring scales, thermome- 
ters, clocks with electric bells to strike the minute and half-minute, 
and minor conveniences, all together forming the most complete 
outfit yet devised or anywhere in use. 


The plan of the flume is exhibited in the accompanying drawing, 


Figures 138 to 141. 

The underground portion of the testing flume consists of the 
trunk or penstock, A, bringing in the water; a sort of vestibule, B; 
an antechamber, C ; the wheel-pit, D; and tail-race, EE. The trunk, 
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A, is of boiler iron, about 9 feet in diameter, laid low down in the 
ground, so as to pass longitudinally under the center of a street, and 
thus take up no land suitable for building purposes. The object 
of the vestibule, B, is to afford opportunity for the application of 
the two head-gates G,G. Besides these, there is a head-gate at 
the point of entry of the trunk, A, into the canal whence it takes 
the water. A small trunk, F, about 3 feet in diameter, takes 
water from this vestibule, independently of the gates, G, and 
leads it to a turbine wheel, H, set in an iron casing, in the cham- 
ber or pit, C, so that this wheel can run, even when C is empty. 
This wheel discharges through the floor at the bottom of C, 
thence through the arch, I, and the supplementary tail-race, Kk, 
into the second level canal. It is used to operate the repair- 
shops; also to lift and lower the gates, G. The chamber, C, is 
bounded on one side by a tier of stop-planks, L, and, on another 
side, by a tier of stop-planks, M. The object of the stop-planks, L, 
is to afford a waste-way out of the chamber, C. This is of especial 
use in regulating the height of the water when testing under low 
heads; also to skim off the oil floating on the water, which oil has 
dropped down from the dynamometer. The water thus passed 
over the planks, L, falls directly into the tail-race, K, and passes 
» into the second level. The stop-planks, M, come into use when 

s testing scroll or cased wheels. In that event, D is empty of water, 

and the wheel-case in question is attached to the planks, M, over a 

proper opening cut for the purpose. Large cased whicels are set in 

the center of D, and the water is led to them by a short trunk or 

penstock, leading from an opening cut in the planks, M. Flume 
- wheels are set in the center of the floor of D, and D is filled with 

‘ied They discharge through the floor of D (not shown on the 
drawing) and out of the three culverts, N, N, N, into the tail-race, 


{. At the down-stream end of this tail-race is the measuring weir, 
O, the crest being formed of a strip of planed iron plate. It can 
ye used with or without end contractions. The depth of water on 
the weir is measured in a quarter cylinder, P, set in a recess, Q, 
fashioned in the sides of the tail-race. These recesses are water- 
tight, and the observer is thus enabled to stand with the water-level 
~ about breast-high, or at convenient height for accurate observation. 
A platform, R, surrounds the tail-race, and is suspended from the 
iron beams that carry the roof. Above the tuail-race is the street. 
The wheels to be tested arrive on this street, are lifted from the 
- wagon by a traveling windlass that runs out on a frame-work over 
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the street,are run into the building, and are lowered into the wheel- 
pit, D. Winding stairs lead into a passage-way that leads in turn 


ited 


ol 


to the platform, R. In the well-hole of these stairs is set up the 
glass tube which measures the head of water upon the wheel. It 
is connected with the pit, D, or the chamber, C, by means of pipes 
running through a cast-iron pipe, T, built into the masonry dam 
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which forms the down-stream end of the wheel-pit, D. To enable 
the observer at the brake-wheel, the one at the head gauge, and the 
one at the measuring weir to take simultaneous observations at 
intervals of one minute, an electric clock rifgs three bells, simulta- 
neously at intervals of one miuute, or of half a minute if desired. 

The whole structure is built in a durable and efticient manner. 
The pits and tail-race are all lined with brick laid in cement. The 
stone masonry was intended by careful work and grouting to be 
water-tight without the brick lining, and the brick lining was then 
carefully laid up with joints full of mortar as an extra precaution. 
As a consequence, the front of the wall forming the down-streaimn 
side of the pit, D, is barely damp witli 20 feet head of water upon 
it. The floor of the pit, D, is so tight that an exact measurement 
of the leakage of the wheel-gate can be made if desired. An ap- 
proximate estimate is readily made by filling the pit before the 
tail-race is allowed to fill up, and apportioning the total measured 
‘leakage between the leakage of the wheel-gate and that of the 
flume. 

U, V, W show three waste-pipes, from the vestibule antecham- 
ber and tail-race respectively. Another, not shown, serves to draw 
the water out of, and through, the floor of the pit, D. To close or 
open these waste-pipes, they are fitted with cases of small water- 
wheels, which form convenient valves for the purpose. The waste- 
pipe, V, serves also to help regulate the height of water in the ante- 
chamber, C, and pit, D, during tests under Jow heads. 

The pipe, W, leads into a sewer on the other side of the second 
level canal, and thence into the river, and permits the tail-race to be 
emptied of water down to within ten inches of the bottom planking. 

A view of the main working floor is given in Figure 142, show- 
ing the dynamometers in place. 

When the flume was completed, and had been satisfactorily in- 
spected and tested, the proprietors issued the following notice, and 
commenced the testing of turbines for the benefit of the public: 


HOLYOKE, Mass., 18, 1883. 

MANUFACTURERS, WATER-WHEEL BUILDERS, AND LESSORS OF WATER-POWER: 

GENTLEMEN: We have completed our new Testing Flume, and furnished it 
with apparatus to test wheels of any of the usual diameters (the pit is 20 feet 
square) and power up to 230 H. P. 

The measuring weir has a capacity of 200 cubic feet per second, 

Wheels can be tested under any head from 4 to 17, and in some cises, nearly 
19 feet. Parties sending wheels should comply with the following directions: 
The wheel should be sent ready to set. 
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For wheels of 25 H. P., or less, have distance from platform on which wheel 
a sts, to top of shaft, 4 feet 3 inches; have 4 inches of top of shaft 2 inches in 
diameter ; with key seat 4 inch wide and -4, deep. 

For wheels 25 to 75 H. P., platform to top of shaft, 5 feet 6 inches ; 5 inches 
of top of shaft 3 inches in diameter; key seat, »{; x 4%; inches. 

For wheels 75 H. P., or over, platform to top of shaft, 7 feet ; 6 inches of top 
of shaft 4 inches in diameter; key seat, Linch x 2. 

The price of test and of a full and carefully computed report is 10 per cent. 
of list price of wheel, but no wheel for less than $30, The sender to pay freight 
and cartage. Scroll wheels, or wheels set in iron cuses, may cost from $10 to 
$15, possibly more, in addition. 


HOLYOKE WATER-POWER 
HOLYOKE, Mass. 
The new flume was opened in July, 1883, as above, and shortly after 
the writer was employed to visit it for the purpose of witnessing 


tests of wheels, observing the methods of test, exainining the 
= ture and the working of the flume and apparatus, and following 

4 


the engineers in their calculations of efficiency, as obtained from 
the data secured by test, with orders to report upon the suitability 
of the flame for its w aa and the reliability of the results so ob- 
tained. He thus had an excellent opportunity to study the system 
and the methods adopted by the engineer. In his inspection he 
was given every facility, and was aided by the chief engineer of the 
company in every possible way. 

The method of test practiced at this flume is in some respects 
similar to that already described, as adopted at the old flume, the 
use of which has been now given up. A number of dynamometers 
Were kept on hand for use with wheels of different sizes and power. 
The water measurements were made by the use of the hook-gauge, 
and the calculation of flow by Francis’s formula, as is customary 

throughout the United States, wherever weir measurements are 
made. The wheel is usually set at the bottom of the penstock, as 


in Figure 131, with the dynamometer mounted upon the head of | 


its shaft. Attendants are stationed at the dynamometer, who are 
prac to adjust the weights and the clamps on the band of the 
instrument, under the direction of the engineer in charge of the 
work, and to take observations of the speed at one minute intervals, 
usually at the stroke of an electric bell rung by the clock. Other 
observers are stationed at the weir, to observe the depth of water 
on its crest, taking their readings from the well in which the hook- 
gauge is set, and at the upper and lower water-levels, where other 
ganges give the height of the surface of the water at those points. 
The stroke of the bell occurs at the same instant at every post of — 
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observation, and all the readings are taken simultaneously, or, pur- > 
posely, one-half minute after noting the speed of the wheel. . 
When the test is about to begin, the engineer having charge of 
the work assigns his assistants to their posts, and sees that the dyna- 
mometer is clamped fast, and a load applied at the scale-pan greater 
than the maximum possible effort of the turbine. The water is 
then let on, and the weights are carefully readjusted until they pre- 
cisely balance the effort of the wheel, which is now at rest, with a 
maximum flow of water at full head passing through it. A record 
is made of the weight on the dynamometer; and each assistant at 
the weir gets a reading from his gauge, and a record of the depth 


of water on the crest of the weir. Should there be any leak in the 
flume, the amount of the flow due to leakage is deducted from the 
quantity of water given, by calculation, as total flow. The weights 
are now reduced, and the brake-screw slacked off until the wheel 
is running at maxiinum speed. A second set of readings is recorded 
by all observers, and a new adjustment is made, giving a new 
weight, and a new and lower speed with a new measure of the 
volume of water passing the weir. This process is continued until 
it is seen that the wheel has passed a certain speed of rotation at 
which efficiency is amaximum. This speed is quite closely found 
by a few trials, and the turbine is then tested, at speeds closely 
approaching this, and at various degrees of gate-opening, as de- 
scribed in the account already given of operations at the old flume. 
Every test of a wheel is preceded by a careful measurement (in the 
presence of the proprietor, or his representative, if he so desires) of 
the weir and all parts of the brake. The weights used in the ad- 

justment of the dynamometer are always examined and certified by | 
the official “sealer of weights and measures,” and every weight and 
measure, and every part of the apparatus, is examined and stand- 
ardized with equal care. The records taken at the flume are trans- 
ferred from the observers’ rongh note-books to the engineer's 
records, at the oftice of the chief engineer, and the data obtained at 
the trial of each turbine are there worked up, and the results placed 
on permanent record. They are not published, unless by the pro- 


prietor of the wheel tested, who sometimes publishes the engineer's 
certificate, which he receives, as an official copy of the determina- 
tions recorded at the office, over the signature of the chief engineer. 

In the working up of the data, the most scrupulous care is taken 
to secure exact, and practically useful, results. The figures recorded 
by the observers at the trial are transferred to blanks, in a form 
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found by experience to be most convenient and useful. The com- 
puter checks such as are capable of being verified, and then calculates 
the efficiency of the wheel for each set of conditions represented on 


the record. In making this computation, he first easily calculates 
from the recorded figures representing the weights on the dyna- 
mometer, and the speed of rotation given for the same time, 
together with the known dimensions of the brake, the power 
developed by the wheel, and compares this with the total available 
power of the fall, as calenlated from the recorded head acting on 
the wheel, and the volume of water at the same time passing the 
weir. As these calculations are made, they are represented graphi- 
cally on section-paper, and the curve of efficiencies thus obtained 
exhibits precisely at what speed maximum efficiency is to be found 
under the given head. The curves so constructed are a very useful 
check upon the accuracy of observation, and are a very interesting 
and important feature of the system of working up the data which 
has been adopted by Mr. Herschel. In addition to the data obtained 
at the weir, during the test of the wheel, careful measurements of 
the dimensions of the wheel itself are taken, and are put on record 
with the date of the trial. 

In illustration of the system adopted by the Holyoke Water-Power 
Company, in the determination of the efticiencies and capacities of 
wheels tested for its tenants, or for makers and owners of wheels 
who may bring them to Holyoke for trial, the table and curves 
which follow are presented. For example, the figures in Table I. 
are derived from a test of a Boyden turbine—a Fourneyron wheel 
with Boyden’s modifications—which was in operation in the No. 2 
Mill of the Merrick Thread Company, and which was tested in its 
own penstock, April 26, 1882. This wheel was of large size, 90 
inches in diameter, fitted with brass buckets, and constructed with 
all the care and skill for which its designers and builders were 
noted. It may be taken to represent the best work which has been 
done, in late years, upon the “ outward flow” turbine. 

The measurements obtained at the weir, previous to the test, are 
given at the bottom of the table. The weir was 11 feet long and 
was practically tight, the leakage being but 0.05 cubic feet per 
second, The “unit quantity,” 7. ¢., that discharged when the wheel 
was giving the best effect at full-gate, was 148.85 cubic feet per 
second; the temperature of the water was 42° Fahr. The dimen- 
sious of the wheel and of the dynamometer are recorded, and the 
references to the original notes in the engineer’s records are entered 
on the same sheet. 
26 
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Examining the table, it is seen that the tests having been made 
ata number of different speeds, and at a wide range of gate-open- 
ings, including all needed in practical operation of the turbine, the 
wheel is made a good meter, and can be made to give a very ac- 
curate measure of the amount of water used by it, when in place 
in the mill. 

- The efficiency of this wheel was found to become a maximum, 


at full-gate, when making 63.5 revolutions per minute, developing 
222 horse-power, and discharging 148.9 cubic feet of water per 
minute. The velocity of its periphery was 0.624 that due the 
head. This wheel was 90 inches in diameter; and it will be in- 


teresting to compare its power with that of the less costly inward 
ja downward flow wheels which have so largely superseded the 
Fourneyron class in the markets of the United States. As the 
gate is closed, and the flow becomes less, it is seen that the efti- 


4 


ciency falls off in a much higher ratio. Thus, at 0.883 gate, or 
about two per cent. less flow, the efficiency is a maximum at 62.5 


revolutions, developing 211 horse-power, and discharging 0.973 
the flow at maximum efficiency, the velocity of outer circumfer- 
ence of wheel being 0.614 that due the head. At 0.773 gate, the 
efficiency falls to 73 per cent., at 0.662 gate, to 69 per cent., and 
at 0.442 gate, although discharging 72 per cent. of the quantity 
passing the wheel at full-gate, the efficiency falls to 55.5 per cent. 
At the best speed at this gate, the periphery of the wheel has a 
velocity 0.525 that due the total head. 

The points that seem here particularly noticeable are the rapid 
loss of efficiency as the gate is closed and power reduced, the com- 
paratively slow decrease of volume of water used, the smal] amount 
of power obtained from so large a wheel, and the gradual reduction 
of velocity of best efficiency as the flow decreases. 

Tables II. and II]. present the results of tests made upon a 
“Collins Turbine,” constructed by Messrs. J. P. Collins & Co., 
at Norwich, Connecticut, in 1883, and those made to deter- 
mine the efficiency of the wheel with and without a “ draft-tube,” 
or “suction-pipe,” at the testing flume. Table II. gives the data 
obtained by test of the wheel without draft-tube, and Table III. 
gives the same figures as obtained when the draft-tube was in 
place, first with an interior inverted cone inserted to give a 
smoothly widening passage from the lower side of the discharge of 
the wheel to the full size of the pipe, and, secondly, without this 
cone. This work was purely experimental, and does not represent 
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usual work ; it showed the cone not to be here of advantage, al- 
though it should act as a diffuser. The measurement of wheel and 
weir, etc., are given in the tables, and all figures needed for cal- 
culations of efficiency as before. The best figures are the follow- 
ing, the head varying from 16.6 to 17.5 feet as the demand de- 
creases 


TEST WITHOUT DRAFT-TUBE. 


Gate. Discharge. Rev. . Efficiency. 


Full 
0.748 


0.600 


TEsT witH DRAFT-TUBE AND CONE (FIG. 143). 


1.00 ( 103 83.78 
0.548 73 71.79 
0.297 54.98 


TEST WITHOUT CONE. 


1.00 96 103 84.34 
0.548 90 70 71.10 
0.297 70 37 53.64 


The draft-tube is evidently, in this case, of service, giving three 
or four per cent. increased efticiency ; while the reduction of loss 
by contraction, when the inverted cone is introduced, is unimportant. 
The method of setting the cone is shown in Fignre 143, and its 
dimensions are there given, Fig. 144 shows the curve of the wheel 
buckets, 

These figures are not strictly comparable with those given by 
this and other wheels as ordinarily set. 

The following record of the test of a large Jonval turbine, in 
place in the mill, will be interesting in this place as exhibiting the 
efficiency which may be attained in this form of wheel, even when 
of exceptionally large size, and also as showing what success may 
be secured in the regeletion of this type of wheel. It will be ob 
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served that the efficiency is remarkably well sustained at gates even 
as low as 60 per cent. of full flow. The test of this wheel also was 
made by the engineer of the Holyoke Water-Power Co., who cer- 
tities the copy from which the figures here given are abstracted. 
The wheel was, when tested, set in the working flume of the Mer- 
rick Thread Co., ready for its work of driving the mill, and, when 
the test began, had not been in use an hour. It may be expected, 
therefore, that it will improve perceptibly, after working long 
enough to get its bearings smooth, and its connections in good 
shape. The performance is remarkably uniform. Altering the 
speed of the wheel at full-gate, from 47} to 76} revolutions per 


| 

DRAFT TUBE AND CONE, 


BUCKET, GUIDE AND GATE. 
minute, the efficiency varied but 34 per cent., while the quantity 
of water discharged varied less than 1 per cent. 

The regulation of this wheel is secured by adjustment of the 
guides. This was one of the regular patterns of itsmakers. As they 
state, it was not specially prepared for the test. Two 96-inch 
wheels of this class have been adopted by the same mill proprietors, 
recently. These figures will be the more interesting, as a really effi- 
cient system of guides, giving good part-gate efficiency, has usually 
been considered as something to be hoped for, but hardly to be ex- 
pected, with this class of wheels. 


TEsT OF A COLLINS-JONVAL TURBINE. 


Gate. Disc’ge. Head. Water. Eff. 


1.00 0.999 16.59 ' 113.46 131.49 85.06 
0.77 0.892 16.75 101.67 160.83 3.27 

0.631 0.764 16.95 58.9: 87.66 133.56 79.26 
— 0.547 0.670 17.12 54. 77.19 111.36 74.64 
0.422 0.565 17.26 65.36 84.40 65.96 


d 

| 

| 
| 
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The above is the best performance of a Jonval wheel, on the 
whole, of which the writer has been able to obtain authentic re- 
cords, The test is “ No. 33,” on the books of the Holyoke Water- 
Power Co., and was made November 16th, 1884. The wheel was a 
“right-hand ” pattern. 

Tables IV., V., VI., are taken from the record books of the 
Holyoke Water-Power Co., for the purpose, principally, in this 
connection, of showing the accuracy of the work done at the new 
flume. The wheel of which the performance is given in these 
tables was 36 inches in outside diameter, and of the Inward and 
Downward Flow class. When first tested, its performance was so 
much better than the makers had anticipated, that it was concluded 
to repeat the test. The second trial giving an equally good result, 
it was feared by the constructors that there might be some fault of 


a=Top width. 

b=Bottom width, 

c=Height. 
GUIDES. 


construction in the flume or of method in calculation; and the 
writer was requested to investigate these points, and determine, if 
possible, whether it would be safe to accept the values of efficiency 
reported. The third trial was made in the presence of the writer, 
and the data taken under his eye. The calculations were made in 
the customary way, and the results were then compared with those 
given by the earlier trials, as the best way of ascertaining the limits 
of probable error in the whole operation. The tests of the wheel 
were made in the usual manner, and the data sent into the office 
and worked up precisely as is customary in all cases, with the re- 
sults given in the tables. Figures 145 and 146 give the section of 
buckets and guides measured as per Table VII. The whole series 
of figures, with the data, were furnished to the writer, from the 
books of the Company, in the customary form, with such additional 
details as were desired. 
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_ Comparing the figures given in the tables, as representing the 
performance of the wheel on the three days of the tests, we obtain 
the following: 


PERFORMANCE OF THE HERCULES TURBINE. 


HERCULES. 


4 Ist Test. 


Prop. Disch. | | Efficiency. 
1.000 | 85.14 
O.S75 8 86 94 
85.85 
79.89 


2d Test. 


1,000 
0.796 
654 


24 
47 
638 
90 


3d Test. 


1.000 ‘ 16.46 85.80 
0.806 16.92 87.08 
647 7 17.15 86.33 
.489 ‘ | 17.28 85 80.05 


PROPORTIONAL DISCHARGE. 


Name of Wheel. | Date of Test. 


| 
Hercules. | Aug. 13, 1883. 


Oct. 10, 1883. 


Same Wheel, 2d Test. 


Oct. 13, 1883. 


| 


By discharge is here meant the proportion of flow to the flow 
at full-gate when giving best efficiency. The curve given with the 
table, Fig. 149, exhibits the method of variation of efficiency with 
discharge. 

Studying the table ahove given, and comparing tests made under 


1, 
Gate. 
1.C00 
0.800 | 
645 
490 
874 139 134 86.18 
138 116 85.36 
600 | 135 56 78.16 
a 
Line 
— 
| | 
| 
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substantially similar conditions, it will be seen that the results ob- 
tained are substantially identical. Thus, at full-gate, with equal 
speeds, as in the second and third trials, the efficiencies are within one 
per cent., and the speeds within one revolution, in 147, of being 
alike. The velocity of the wheel was the same to within 0.001 and the 
measured flow of water differed but one-half cubic foot per second. 
The best speeds corresponded to within one revolution per minute 

The same comparison being made between the first and second 
trials, the same results are noted. At five-eighths gate, the condi- 
tions at the three trials were, as it happens, almost exactly the same. 
The result is, that the calculated efficiency is the same for all, 
within one-half per cent. The irregularities to be found in the 
record of heads, speeds, and flow, in any two cases, are invariably 


found to give rise to equally slight, and always consistent, irregu- 


>. 
z 
u 


8 7 


Fig. 149. 


larities of caleulated results. A careful examination of these sev- 
eral sets of figures has led the writer to the conclusion that the 
Holyoke Testing Flume, and the methods of observation and cal- 
culation employed there, are capable of giving the efticiencies of 
turbines tested correctly within a limit of error of certainly less 
than one per cent., and probably to within one-half of one per cent. 
For all practical purposes, the results of the trials of turbine water- 
wheels, at the Holyoke flume, may be taken as exact, and absolutely 
trustworthy. 

Variations do occur, however, in the actual performance of 
wheels of nominally identical size and form, and even when made 
from the same patterns ; but it is now well known that it is ex- 
tremely difficult to make two wheels of exactly the same form, or 
to give the same performance. Makers can rarely construct a right, 
and a left-hand, wheel that shall give the same efficiency, within 


hit: 
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two or three per cent.; and equal differences often arise among 
wheels made from the same patterns, in consequence of the warping 


of the patterns in the sand, when of wood, or even warping of the 


castings themselves, if not carefully cooled so as to avoid shrinkage 


strains. Tests of any one wheel are evidently of no great value in 


determining the probable performance of any other wheel of even 


the same size, except within a moderate degree of approximation ; 


and they may be entirely misleading, if taken as a gauge of the 


probable efficiency of wheels of other patterns or sizes. | New pat- 


terns will always be likely to give new figures when the wheel 


made from them is tested. 


The builders of the wheel, the performance of which is above 


given, have thirty-six different sizes and patterns of wheel, all of 


which have been subjected to test to determine the efficiency, best 
speeds, ete., that the makers may safely guarantee. No two of 
= the wheels thus far tested have given precisely the same figures, 
and, in some cases, the differences have been quite considerable. 


that the makers have fixed upon as a minimum, the patterns are 
altered and the new wheel tested, and this process is repeated, if — 
necessary, until that size is bronght up well above the assumed 
limit. The wheel is then, and not till then, put upon the market. 
Thus, the following tables exhibit the behavior of a pair of smaller 
wheels of the same make—a right and a left-hand turbine of fifteen 
inches diameter each, tested at the Holyoke flume. The results 


~ are substantially the same, the left-hand wheel doing a little the 


better work, but it is not usually possible to secure this accordance 
~~ 


4 
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a 
f- = 2 e TESTING FLUME OF THE ) 
HOLYOKE WATER-POWER CO., HOLYOKE, MAss, § 


Report of Tests of a 15-inch Right-hand Hercules Turbine Wheel, Brass Buckets, 
No. 135, made January 25, 1883. 


full opening of the 
speed gate ; 
Head acting on the wheel ; 
Duration of the experiment; 
Revolutions of the wheel ; 


| 


| ated | 


in per cent, | in feet. in min. per minute. 


Quantity of water discharged 
Power developed by the wheel ; 
Efficiency of the wheel ; 


the 


Number of the experiment. 


cubic ft. 
per sec. 


| 


1.000 
1.000 .018 

1.000 

1.000 .002 

1.000 0.999 

1.000 995 

1.000 .992 

0.844 905 

0.844 
0.844 
0.844 
0.844 
0.844 
0.695 
0.695 
0.695 
0.589 
0.539 
0.539 
0.539 
0.350 
0.250 
0.350 
0.350 
0.350 


261.50 
7 | 15.18 | 
15.10 

15.05 

15.00 


1.000 1.111 18 Still, | 16.54 
| 


i 


69.14 
70.68 
71.01 
70.45 
55.72 
56.84 
55.78 
55.60 
53.71 


1 
cent. 
71 | 
84 | 78.65 
.39 80.80 
4 .05 | 79.88 
.04 | 80.05 
.04 | 80.54 
.57 | 78.89 
10 266.67 | 18.44 | 18.27 | 79.40 ; 
19 281.67 | 18.38 | 18.44 | 80.02 
19 297.50 13.31 18.57 | 81.10 
| 18 302.33 18.27 | 18.42 | 80.61 
19 315.67 13.21 18.27 | 80.27 
28 $44.88 | 18.08 | 17.82 | 78.91 a 
270.00 11.64 15.21 | 76.27 
15 | 290.25 | 11.57 | 15.47 | 77.82 
.16 306.50 11.43 | 15.59 179.31 
{ ll $10.75 | 11.84 | 15.14 | 77.93 ; 
23 | 14.86 248.00 9.40 | 10 
22 86 270.00 9.32 11 
21 85 289.00 9.20 11 1 
20 90 299.00 9.18 | 10 
13 15.65 299 00 6.70") 6 
12 67 258.67 6.638 6. 7 
9 .64 268.00 6.60 6 
11 65 283.00 6.54 6 
10 67 293.25 6.55 6 


THE SYSTEMATIC 


TESTING 


Report of Tests of a 15-inch Left-hand Hercules Turbine Wheel, Bras 


OF TURBINE 


TESTING FLUME OF THE 


OKE WATER-POWER CoO., 


No. 149, made March 9, 1888. 


HOLYOKE, 


WATER-WHEELS. 


MAss. 


s Buckets, 


Number of the experiment. 


Proportional part of 


the full opening of the 
speed-gate ; 


in pet cent. 


a 
he 
| 


1 13 

1.000 
1.000 005 
1.000 006 
1.000 008 
1.000 
1.000 0.994 
0.808 
0 808 867 
0.803 864 
0.803 858 
0.0838 .853 
0.625 126 
0.625 724 
0.625 715 
0.625 709 
0.513 
0.5138 .621 
0.513 .614 
0.5138 .610 
0.513 . 603 
0.388 .500 
0.388 
0.388 .492 
0.388 
0.388 .482 
0.388 
0.388 -470 
6.388 .464 


Head acting on the wheel ; 


in feet. 


|. . 
| in min. 


by the wheel ; 


Revolutions of the wheel; 


Duration of the experiment ; 


Quantity of water discharged 


|per minute. 


cubic ft. 
per sec, 


| 
| 


3 Still. 17.85 
8 B05. 00 15.92 
8 | 818.88 | ‘15.82 
3 | 3821.67) 15.94 
§ 333 .33 15.90 
8 | 347.33 | 15.85 
8 | 371.00] 15.76 
4 306.50 | 13.80 
8 | 321.00 | 13.7: 

834.00 | 18.7 

$51.38 | 18.6 

356.40 | 18.5 


289.00 
B08 .25 


8 | 327.33 | 11.37 
2 | $43.00 | 11.29 
3 | 279.00 | 10.00 
4 300.00 9.93 
4 | 316.50, 9.82 
3 | 832. 

2 | 847.50) 9.68 
8 | 247.00] 8.07 
3 269.00 | 8.00 
3 286.67 7.93 
4 307.75 | 7.82 
3 326.00 | 7.75 
3 342.67 7.63 
5 | 255.80| 7.54 
4 | 3871.75 | 7.44 


0 9.74 | 


Power developed by the wheel ; 


7.98 


Efficiency of the wheel ; 


57.2 


53.11 


| 
| 
| 
3 j 
25.10 | 81.25 
| .0 24.74. 80.83 
=. 25.49 81.56 
= 2 25.40 | 81.47 
2 24.88 | 80.50 
1 2 22.42 | 83.10 
18 22.50 83.78 
3 | 22.40 | 838.16 
4 22.49 | 83.08 
| 21.78 | 82.11 
4 17.62 | 76.90 
28 4 17.85 | 78.59 
| 4 17.96 | 79.99 
4 17.77 | 79.64 
14.46 | 72.388 
28 5 14.63 | 738.85 
27 5 14.47 | 73.87 
26 5 14.17 | 72.99 
F 25 5 13.77 | 71.80 
wD 9 10.54 | 64.30 
14 8 10.66 | 65.67 
8 10.48 | 65.28 
12 8 10.32 | 65.21 
(10 
8 7 | 
~ i 
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A 51-inch L. H. wheel tested in this flume July, 1883, was— 


reported thus : 


4 
Tests OF A 51” HERCULES TURBINE. 


Gate. | Prop. Disch. HB. P. 


1.000 0.999 
0.897 

873 
- 728 
O86 


191.01 
177.43 
170.00 
156.30 
143.47 
116.01 

83.46 


manded on the part of the engineer and his assistants. 


As has 


b | 


a 


\<3 
o 
° 
ty 
3 


Zavojeor'o 


40 


| 
Unit Discharge 


40 


DISC: 


“TTT 


Fig. 147. 


been seen, the effort is made, at the trials, to find the speeds of 
best work for the several heads, and the efticiencies at these best 
velocities of wheel. As the velocities given on the records of thie 
trial are taken acccording to the judgment of the engineer in 
charge of the work, and at intervals, it is not likely that the best 
figures obtained will be those of the very best conditions attain- 
able; but it is always to be expected that the very best speed will 
fall between two of the speeds observed. If the law of variation of 
efficiency and of velocity of wheel can be determined, however, it 
becomes easy to ascertain where the true maximum may be found, 
and to obtain the exact value of the efficiency of the wheel at that 


Efficiency, 
77 1.67 82.69 
.68 82.00 83.47 
81.50 83.40 y 
.90 81.30 82.80 
.18 82.00 81.20 
.70 | 82.28 76.80 
86 | 82.00 70.76 
| | | | | | 
| 14g % \ - 
+— 44 + + + + — - 7) + | 
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speed of maximum efticiency. This is very easily accomplished by 
laying down a diagram of “ proportional discharges” and etticien- 
cies, and thns obtaining a graphical representation of the required 
law of variation of efficiency, as exhibited in its relation to varia- 
tion of the quantity of water discharged, and hence to the speeds 
and gates. This is done as shown in Fig. 147, on section paper of 
any convenient scale. A diagram is constructed for each series of 
tests, on which the ordinates represent the ratio of the velocity due 
the total head to the velocity of the periphery of the wheel ; while 
the abscissas measure the ratio of the actual discharge, at the given 
speed, to the “unit discharge,” 2. ¢., to the quantity of water pass- 
ing the wheel at the full-gate discharge, when giving the best 
efficiency of the wheel at that gate. This diagram is constructed 
by plotting the figures given for several points in the curve, as 
calculated trom the corresponding tests made during the trial of the 
wheel, and then striking through these points a smooth curve which 
represents the law required. The maximum abscissa of this curve 
—which abscissa may, but probably, in any given case, will not, 
fall at any one of the points determined by experiment—wherever 
jt may come, is the point which measures the maximum efficiency 
of the turbine at the given gate, and determines the best speed 
and discharge of the wheel, corresponding to that gate and 
efficiency. This operation is repeated for each of the gates 
adopted at the trial of the wheel, and thus the maximum efficiency 
attainable at each gate is determined, and the best speed of wheel, 
under the given head and at the given gate-opening, is made 
known. The law of variation of best speeds, and of highest 
-_efliciency, is also ascertained, for the whole range of working of 
the wheel. Thus, Fig. 147 gives the curves found for the turbine 
: tested for the writer, as already described, tor the tive different 
gates at which its efficiency was observed. 
: Fig. 148, in a similar manner, represents the curves obtained, 
both for the maximum and for mean efficiency, from full discharge 
to 0.75, and from full to 0.5 respectively, from the 15-inch wheels 
of which the “dogs” of test have been just given. By “ gate,” in 
these last cases, is meant the opening of the gate, as actually 
Pap ise by the wheel at the time, and by “full discharge” is here 
meant the discharge at full-gate when the wheel is working at 


-full-gate and at maximum efficiency. In the last diagrams, also, 


the figures above the curve represent the proportion existing be- 
_ tween the velocity of the periphery of the wheel, on the receiving 


side, at the speed which 
gives maximum aver- 
age efficiency from full 
to half-gate, or 
three-fourths gate, 
the case may be, to 
the velocity due the 
full head on the wheel. 
This last “ velocity 
ratio” is sometimes the 
same for both curves. 
The proprietors of 
the flume now identify 
wheels tested by a 
leaden dial securely 
fastened to the wheel. 
The formula used for 
computing the flow 
over the weir is that of 
Mr. James B. Francis.* 
(=3.33 (L—0.1 nd) 
in which @ is the 
number of cubic feet 
flowing per second, Z 
the length of the weir 
in feet, 7 the depth of 
water over the weir in 
feet, and n is the num- 
ber of “end-contrac- 
tions.” To secure ac- 
curacy in the applica- 
tion of the formula, the 
up-stream edge of the 
crest of the weir is 
made straight, sharp, 
and smooth—usually 
by constructing it with 
an iron edge, chamfered 
sharply, and _ fitting 
similar apertures at the 
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sides; the depth of the water in the race approaching the weir is 
made considerable, to prevent the velocity of approach becoming 
so great as to affect the results. Occasionally the weir is carried 
out to the full width of the raceway and then has no side 
contractions. The weir at Holyoke is often used without end- 
contraction, being then 20 feet Jong, in which case the second term 
in the parenthesis is zero; or the flume may be used with end 
contractions, 2, 4, 6, 8, 10, 12 and 14 feet apart. 

The establishment of the Testing Flume at Holyoke is the last 
great step taken in the development of the system of testing tur- 
bines, which has now been described at such great length. Its sue- 
cess, and the excellence of its work, will undoubtedly lead to the 
construction of other flumes of a similar kind, public and private, 
in other parts of the country, and the plan of working up the 
efficiency of new sizes and styles of wheels, by careful test, and the 
method of sale now becoming usual—basing the contract wpon the 
guaranteed performance of the wheel, and determining the 
efficiency of the wheel by trial at the flume—will unquestionably 
become the customary method of dealing in such motors, through- 
out the United States, and probably throughout the world. An 
advance of this character once effected, the improvement is never 
lost, but the new ways become a part of the business methods of the 
country. The result of the introduction of this system of test has 
already been seen in the improved performance of turbines as sent 
into the market by the best makers; and, although the opportun- 
ity for further improvement of the best wheels is evidently not 
great, the custom of making and selling, guided by tests, will lead 
to the regular production of turbines of maximum, and uniform 
efficiency and power. The gain in the latter direction is already 
very great, as will be seen by comparing the powers and sizes of the 
last wheels of which the records are given, with that of the Boy- 
den-Fourneyron wheel presented on an earlier page. The differ- 
ence in cost in favor of the modern wheel is fully commensurate 
with the gain in economy and in power. 

The Holyoke Flume will probably long be considered the 
standard flume of the United States; but it cannot be long before 
every water-power company will have a flume of its own, and every 
large manufacturer of turbines will erect a private testing flume ; 
and the business of building and introducing such motors will 
thus become settled, at a very early date, upon a substantial and 
satisfactory basis, = 
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Mr. Samuel Webber.—I have been very much pleased with the 
clear and full history of systematic turbine testing, in the United 
States, given by Professor Thurston, and agree with him fully, | 
that all turbines should be tested, and carefully tested, before — 
being put on the market ; and I know that this can be correctly 
done at the Holyoke testing flume, as now arranged by Mr. 
Herschel. 

There have been some remarkable tests reported from the Old. 
Flume, which it has been impossible to repeat or duplicate, at: 
a later date with the same wheels, and the 90 per cent. test 
of the Risdon wheel, referred to by Professor Thurston, is one of 
them. I have no doubt of the correctness of the Centennial test, 
which gave .8768 per cent. net effect from this wheel, for other 
wheels tested by other engineers, in various places, corroborate it 
very closely, but I have never myself got so high a result from 
any other wheel; and it should also be noted that the very high 
efliciency reported from some wheels has been usually found 
tested of very small wheels, of fifteen or twenty inch diameter, 
where a very considerable effect might be exercised upon the 
wheel by the man who handled the lever at the brake. 

There was probably more or less error in the tests at the Cen- 
tennial Exposition, from the thinness of the iron of the testing 
curb and penstock, which caused them to spring more or less 
with the load of the water, and made some of the wheels bind in 
their cases, or on the steps, but the error cannot have been very 
great, and in the test of the Risdon wheel, which ran very freely, 
were probably not to be noticed. 

There is now and then a wheel turned out which gives 
remarkable and unaccountable results, as in the case of the Her- 
cules wheel, reported by Professor Thurston, of which I had pre- 
viously heard from Mr. Herschel, and of the correctness of which 
I have no doubt, but my own results with this type of wheel will 
vary between eighty-one and eighty-four per cent. net effect. 

I have since that time tested another turbine of the same 
make as one of those tested at the Centennial, but of much larger 
size and greater power, and the results confirm each other so 
closely that I am tempted to quote and compare them here in cor- 
roboration of the statement that these records may be made sub- 
stantial and satisfactory. I refer to the “ Geyelin” Turbine, a 
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wheel of the ‘‘Jonval,” or downward discharge type, built by 
Messrs. R. D. Wood & Co., of Philadelphia, and the other wheel 
was eighty-four inches in diameter, and was tested in the pit of 
the John P. King mill, at Augusta, Ga., and the comparison of 
the two tests is given below: 


Water. 
Wheel. 


Diam. Brake 
on Weir. 


Rev. Wheel 
per Min 
ter per Min. 
Il-Power of 
Per cent. of 
net Effect. 


H-Power of 


Height Water 


Cubic ft. Wa- 


37.44) 182to1 SOlbs. | 213.5) Oft.| ft. | 14804 68.39) .8343 
y 3, 84” to 1002.5 76.19 | 19 ft.) 1.9858 ft. | 10018.5 468.85) 8367 
| 


The head of water acting on the wheels happened to be iden- 
tical in both cases, viz.: 29.30 ft., but the result attained under cir- 
cumstances so widely different in all other respects is remarkable, 
and shows how accurately turbines can be constructed. These 
tests were both made at “full gate,” and no partial gate tests were 
made or desired of the wheel at Augusta, which had been guar- 
anteed to 475 HP. under 32 ft. head, the result showing that it 
would have given 534 HP. 

In such a case as this it will probably be always necessary to 
test the wheel “in situ,” but, as a rule, for all wheels of ordinary 
or moderate dimensions, such a testing flume as that of the Hol- 
yoke Water-power Co., where wheels can be tried by disinterested 


and unprejudiced engineers at very much less cost than it can be 


possibly done on the spot where they are to be used, must be con- 
sidered as of the greatest advantage, and as a boon not only to 
the engineering profession, but to the public at large. 

The President.—As the paper is historical I do not know but 
that it would interest you for me to give you an instance of the 
testing of a water-wheel which may possibly be useful because of 
the cheapness and simplicity of the means employed. 

Some years ago there was a couple of young men in Rhode Island 
named Brown, who, by the way, were themselves cradled by water- 
power, their father having attached a connection from the shafting © 
of his mill to their cradle; and, as a consequence, they were gen- 
iuses. One day they came to the shop where I was at work —_ 
stated that they had invented a water-wheel which was very muc h 
superior to Stillman’s wheel, which was the favorite wheel of the 
neighborhood, claiming that they had got thirteen and a half per 
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cent. better results. On being asked by Mr. Cottrell how they 
got at that result, they said that they had made a very careful 
test. They had made two models, one of their wheel and one of 
Stillman’s wheel, both of exactly the same size and the same 
openings. They put them into the same penstock, so that they 
both had exactly the same head. Then, to make sure that they 
used the same amount of water, they measured the water that 
came through in a pail and weighed it. While running under 
these similar conditions they took the spindle of one wheel be- 
tween the thumb and finger of one hand and the spindle of the 
other wheel between the thumb and finger of the other hand, and 
as near as they could judge, there was thirteen and a half per cent. 
difference ! 

Mr. Chas. FE. Emery.—The paper refers to the turbine tests 
conducted at the Centennial International Exhibition, 1876. 
There are some reminiscences of those trials which will be inter- 
esting to a body of engineers, but which it was thought better to 
omit in the general report of the Judges of Group XX., written 
by the writer, as that work was designed for more general cireu- 
lation. The elevated tank and pool below it in the Hydraulic 
Annex to Machinery Hall were designed under the direction of 
the late John S. Albert, Chief Engineer, U. S. N., and at the 
time Chief of the Bureau of Machinery of the Exhibition,—one 
object being to form a water-fall as a feature of general interest 
in the Exhibition, and another to enable the turbines to be tested 
by providing pumps of sufficient capacity from the pool to the 
tank. The writer was appointed by the Judges of Group XX 
Chairman of a Committee to superintend the tests of water motors, 
and under his direction the weir and approach were constructed. 
The approach was built within the pool at one side, being inclosed 
by brick walls running to the bottom and forming a box with the 
weir at one end in which the water could be raised to a higher 
level than that in the pool sufficient to give the necessary fall. It 
had been intended to make these tests typical ones, utilizing all 
the published information on the subject and employing as ob- 
servers some young gentlemen who had previously had personal 
experience with Mr. Francis. It was generally understood at the 
Exhibition that all experiments were to be made by and under 
the direction of the Judges, and that the executive force in the 
different departments would furnish the necessary facilities, = 
this was carried out in such of the scientitic groups of Judges 
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made experiments. The Bureau of Machinery, however, had dif- 
ferent views and considered that that Bureau should make any 
experiments with the machinery; the Judges reporting to its 
Chief in that matter instead of to the Bureau of Awards from 
which they received their appointments and to which they made 
their reports. The fact, too, that one of the Judges of Group XX., 
if he had remained in the naval service, would have been very | 
much the junior officer of the Chief of the Bureau of Machinery 
undoubtedly had its influence. The final result was that the 
‘Bureau of Machinery, ignoring the arrangements of the Judges, 
suddenly decided that there should be an expert employed to con- 
duet the turbine experiments and, proper authority being obtained 
(though without the knowledge of the Judges), Mr. Samuel Web- 
ber was selected for the purpose to report to the Bureau of Ma- 
ehinery. Mr. Webber being already a Judge in another Group, 
and knowing nothing of the contention above referred to, the 
Judges of Group XX., having full confidence in Mr. Webber's 
_ professional attainments, simply evaded the difficulty by appoint- 
ing him an associate member of that Group under authority con- 
tained in the Rules; and as the only object was to obtain reliable 
and creditable results, the writer undertook to co-operate with Mr. 
Webber in the conduct of the work. This, however, did not prove 
an easy task,as Mr. Webber had made a great many tests, had 
acquired certain methods of his own, and did not care to go into 


many of the refinements which such an opportunity would have 
made of great scientific value. While he was pleased with the 
action of the Judges, he evidently felt, moreover, that his authority 
was from another source, and insisted practically on having his 
own way, and under the circumstances little else could be done. 
‘The original design was such that the water was necessarily ad- 
mitted to the weir approach at the side, so that, although ample 
provision had been made in the length of the approach, the cur- 
- rent on the side opposite the inlet was very much the stronger. 
The speaker suggested a series of baffling screens or racks, such 
_ as are described in Mr. Francis’s work, and finally a single one was 

= hastily applied, but with the spaces between the bars so wide that _ 
there was still ample area for the water with greater velocity to 
pass along the side where it did before. Any further improvements 
were, however, considered unnecessary by Mr. Webber, and the 
experiments were conducted with the water approaching the weir 
at very different velocitieson the two sides; and, moreover, on 
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account of the recoil of the current from one side of the approach, 
floating bits of wood showed that all of the water did not approach 
the weir at a right angle, and the evidence of this deflected cur-— 
rent was sufficiently marked to show a ridge in the crest of the 
fall at the weir itself. Mr. Francis in his work states that precau- 
tion is necessary to obtain uniform velocity of approach to the 
weir and prevent cross currents from impinging upon the open- 
ings in the hook gauge box. Of course, it is impossible to tell. 
just how much difference the neglect of these precautions made in- 
this case. It is satisfactory to know that the general results cor- 
respond in general with other tests made of the same turbines a 
at other places, though Professor Thurston calls attention to some — 
apparent discrepancies. The writer was necessarily obliged to re- 
tire, and although the younger Messrs. Webber were kind enough — 
to obtain templates of the blades and much of the information _ 
which he had intended to analyze and discuss, there was no pro- 
vision for the employment of proper assistants to do that work — 
in the way that those who are accustomed to make experiments 
know would be necessary, and there being at the time some 
doubt as to the value of the experiments thus conducted, nothing 
further was done.* Mr. Webber reported to the Bureau of Ma- 
chinery, and his report also appears in the general report of the— 
Judges of Group XX. 

This matter is mentioned as di for the peapene of showing engi- 


* The writer was also Chairman of the Committee on boiler tests, and after 
procuring the necessary authority from the Executive Committee of the Exhibi- 
tion through the Bureau of Awards, the tests were actually conducted under the 
direction of the Committee of the Judges and in the immediate charge of an 
assistant from the writer’s office selected by himself. The assistant necessarily 
remained in Philadelphia where he could receive his pay under the eye of the 
Centennial authorities while computing results, and an arrangement was made 
with him whereby he consented to report the results of the experiments as an 
expert to the Bureau of Machinery, entirely ignoring the Judges, and his services, 
with that of others, were utilized in other work in closing up the affairs of the 
Exhibition, The boiler report was at first actually printed as made by the wri- 
ter’s assistant, but reported to the Bureau of Machinery, in spite of the protests 
of the writer and the Judges of Group XX., who refused to do more work until 
it was corrected. The general body of Judges took the matter in hand, and a 
protest signed by a large number of them, headed by Professor Henry, failed to 
accomplish the object. Finally, the writer was enabled to have the original 
boiler report withdrawn and one by the Committee of Judges substituted in its 
place , a single letter, from a political friend to the Director General, having ap- 
parently more effect than the respectful protest of the representative scientific 
men called to act as Judges during the Exhibition. 
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_ neers the difficulties which arise frequently in attempting work 
of investigation, and will serve also to call attention to the very 
complete directions given in Francis’s Hydraulic Experiments in 
regard to experiments of this character. 

The writer has interested himself in deducing ‘the probable 
reason why the results were as good as they proved. He had 


the bottom of the pool, provided with a perforated pipe leading 
across the bottom of the approach close behind the weir. Mr. 
Webber immediately declared this position wrong and put a 


weir. In fact there was no objection to either position, except 
that his box reduced the area of the approach, as Mr. Francis 


- statical pressures close behind the face of a weir and for several 
feet back of that point are identical, although of course the actual 
depth of water varies greatly on account of the slope of the fall. 

it has occurred to the writer that the whole mass of water in 


the water in which will the wader 
comparatively at rest in the bottom, and that therefore even the 


currents at that point, was all averaged in with the varying heights 
at other points, and the average correctly shown by the height in 
the hook gauge box. Notwithstanding this theory, it is not 


precaution given in Mr. Francis’s elaborate work on the general 
subject. 
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A METHOD OF EVAPORATING BY EXHAUST STEAM. 
4 « BY ALBERT STEARNS, BROOKLYN, N. Y. 


% 1 (Member of the Society.) 


Havine oveasion to evaporate considerable quantities of alkaline 
liquors, the writer utilized the exhaust steam from an engine to 
aid in this work, by means of the Evaporating Pan, herein illus- 
trated (Figs. 152 and 153), which has been in successful operation 
for several years. 

The pan is 17’6” x 11'0”" x 1' 6” deep, supported by timbers 
resting upon four jack screws, by which it may be lowered for 
cleaning or repairs. It has thirteen partitions running crosswise 
of the pan, each 8’ 9” long, placed equidistant between the ends of 
the pan, and so arranged that liquors entering at the upper end 
must travel in a serpentine course fourteen times across the pan 
toreach the outlet at the lower end, it being set on a small incline, 
to aid this flow. 

IIung between these partitions, from overhead supports, are 
oval cast-iron flanged pipes, of 9 x 5” inside diameter connected 
by return bends passing around the open ends of the partitions ; 
this pipe has a 5” inlet on top at the upper end, and a 4" outlet on 
top of the lower end for escape of surplus steam, which is led to a 
coil of pipes ina warming tank (not shown) from which the warm 
liquors are continuously supplied to the pan. Directly under the 
t” outlet is a 1}” pipe for the removal of condensed water ; this 
pipe is turned smooth on the outside and passes down through a 
stuffing box on the under side of the pan, thus permitting it to be 
lowered without disturbing the pipes. 

The hangers support the cast pipe near the bends, alternately at 
the front and back. Fig. 152 shows all the front hangers but only 
one of the back hangers at the letter a. Bolted to the pipe-hangers 
are brackets carrying the shafts of agitators which reach nearly across 
the pan ; thene revolve within a circle of 10” and are formed of four 
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ELEVATION 


bolted 


angles 


at 
on 


blades, 
right 

the shafts, with 
Ned 


their 


troughs 1” x 
formed 
outer edges, being 
driven about thirty 
revolutions a min- 
ute by No. 85 link- 
belt running alter- 
and 
under 6” sprocket- 


on 


nately over 
wheels secured to 
the shafts outside 
the 
Each blade in re- 


of brackets. 
volving dips up : 
trough full of the 
liquor, which, in 
due time, flows 
back over the inner’ 
surface of its blade, 
and the owter sur- 
face of the pre- 
ceding blade, thus 
presenting a large: 
area of wa rm 
metal from which 
evaporation ma y 
take place. 

The 
being fed into the 
pan at the upper 
the steam, 
aided by the agi- 


liquors 


end, 


tators, compels a part of the water to pass off in vapor, causing 
a slow but constant flow toward the lower end where the saturated 
solution is drawn off through a pipe in the bottom of the pan as 
fast as it reaches the desired strength. 
To give an idea of the duty such a pan can do, it may be said that — 
it has evaporated one hundred and twenty gallons per hour from 
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clear water, condensing only about. one-half of the steam supplied 

by a plain slide valve engine of 14” x 32” cylinder, making sixty- 
tive revolutions, =— off : — two-thirds off stroke, with steam 
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lbs. boiler pressure, its exhaust steam being carried about 
oih ity feet to the pan on the floor above. 
It is found that keeping the pan-room warm and letting only = 
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sufficient air in to carry the vapor up out of a ventilator adds to 
its efficiency, as the average temperature of the water in pan was 
only about 165 F. 

Before building this pan, experiments were made with coils of 
pipe in a small pan, first, with no agétator, then with one having 
straight blades, and lastly, with the troughed blades; the evapora- 
tive results being about in the proportions of one, two, and three 
respectively. 

In evaporating liquors whose boiling point is 220° F., or much 
above that of water, it is found that exhaust steam can do but little 
more than bring them up to saturation strength, but on weak 
liquors, syrups, glues, ete., it should be very useful, being easily 
adjusted for continuous action, and costing almost nothing for at- 
téndance or repairs. 

The pipes acting as a condenser cause little, if any, back press- 
ure on the engine; indeed it has been suggested that by closing 
the outlets, making the pan and pipes of sufticient area, and using 
a pump or hot well, they could economically perform the double 
use of adding power to the engine as well as being a very handy 
evaporator which is not patented. 


DISCUSSION, 


Mr, Geo. H. Babcock.—This is a very ingenious plan for getting 
a large amount of evaporation out of a 


given sized pan, but, as 
Mr. Stearns is undoubtedly well aware, it gets no more from a 
pound of steam condensed than ordinary pans. By the conden- 
sation of one pound of exhaust steam you cannot evaporate more 
than a pound of water directly by any mechanism. Nor is the effect 
per square foot of surface in the steam pipes mucli increased. 
The heating or condensing surface in Mr. Stearn’s pan is not 
given, but making a rough estimate from the measurements stated 
it is somewhere about 250 square feet, which would give 4 pounds 
of evaporation per square foot of surface. IHlad he taken those 
same pipes and sprinkled his liquor upon them he would have 
found them still more efficient. This is what is done in the 
Yaryan triple effect. In an experiment made in Boston a short 
time ago with one of those pans, an evaporation of 10 pounds per 
square foot of surface per hour was obtained ; 2} times ‘as great 
as in the case given here, simply from the fact that the water was 
applied in a better way. A similar plan was employed in a con- 
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centrator used some years ago in sugar houses, in which the 
liquor was caused to flow over a stack of steam pipes, similar to 
the coolers now common in breweries. 

Mr. Stearns makes a remark which is worth referring to :—“ It — 
is found that keeping the pan-room warm and letting only suffi- 

cient air in to carry the vapor up out of a ventilator, adds to its 
_ efficiency, as the temperature of the water in the pan was only 
about 165 FP.” Air at a given temperature will carry off a given 
amount of water without precipitation, increasing rapidly with 
the temperature. The less the air required to hold the vapor in 
suspension, the less the loss of temperature in the vapor to heat 
that air, and it is evident that there is a maximum point for any 
given quantity of vapor at any given temperature. To keep the 
supply of air at this point would be a decided advantage. For 
instanee, if the temperature could be maintained at 165 degrees 
with the air passing out saturated with vapor, supposing it came 
in half saturated at 60 degrees, it would require the admission of 
only 40,000 cubic feet an hour to carry off the amount of vapor 
which was formed. Dut if enough air was admitted to lower that 
temperature to 100 degrees, it would require 400,000 cubic feet, 
or about ten times as much to carry off the same amount of moist- 
ure. Whence we can see the reason why he found it better to— 
close lis ventilators. 


Mr, Alex, Miller.—My experience with vacuum pans is that_ 
about 64 pounds of water are evaporated per square foot of heat- — 
ing surface per hour. In double or triple effect apparatus 45 to 5— 
pounds are evaporated. And in the case of salt pans for pro- 
ducing common salt where the temperatures used are much higher — 
than in the ease of sugar work we get as much as # or 10 pounds 


per square foot. 
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DIRECT ACTING STEAM VENEER-CUTTERS. 
BY THOS. S&S. CRANE, NEWARK, N. J. 


(Member of the Society.) 


Tur first veneer and lumber cutter illustrated herein is the in- 
vention of Dr. H. S. Smith, of Brooklyn. 

Being interested in the cutting of veneers, it one day occurred 
to him, when watching the power of a steam hammer, and the ease 
with which its movements were controlled, that the knife for cut- 
ting veneers might be actuated by direct connection with a steam 
piston, and the use of the machinery and gearing usually employed, 
be avoided, while the power of the machine was increased. 

He engaged a draftsman to work out his ideas, but after two 
years of planning, found that his design was still unfit for con-_ 
struction. 

The writer was then called in,and found that many patterns had 
been constructed while the plan was still incomplete; the frame 
being designed with solid beams of cast iron, eight inches thick, 
and from twelve to twenty inches wide, and the steam cylinder 
having been drawn of sixteen inches bore and two and one-hal! 
inches in thickness. 

As it was imperative that a machine should be rapidly finished, 
the writer undertook to use the cylinder, which was fourteen feet 
long, and designed for a machine to cut logs 24 inches square and 
S$ feet in length, but discarded all the other patterns; and in order 
to use the direct acting principle required by the inventor, fur- 
nished the cylinder with nine-inch balanced piston valves actuaicd 
by a four-inch steam piston, 

The four-inch piston was reversed at each end of the stroke by 
the movements of a D-valve, actuated by connections with tappets 
which were shifted at each ena of the stroke by dogs upon the 
reciprocating knife carrier; and the feed mechanism was alse actu- 
ated by tappets and dogs. 

The appearance of the machine is shown in Figs. 116, 117 and 
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118, the stay-log 4 being located on a level with the second story in 
the building in which the machine was erected, and the knife and 


its carrier reciprocating before the stay-log in ways 7! at an angle of 


23 degrees. 


g is the steam cylinder, and g' its piston rod, attached directly to — 
the knife carrier 4, which was formed as a frame of 6,000 lbs. 


weight, carrying a compression bar or roller close to the edge of the 
knife to form a throat like that in a hand plane. 
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4 


g’ are the main valve chests; g‘, the rod connecting their piston 


valves; ©, the cylinder for the four-inch actuating piston ; and &, 
the chest for the D-valve, which is actuated by connections 7, 


7°, to the tappets 7", actuated by roller dogs s upon the knife 
carrier f. 

c are the tappets to actuate the feed mechanism, which consisted 

in screws 7, shown in Fig. 118, which were fitted to separable nuts 

-#, which, when opened, permitted the speedy movement of the 
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stay-log by means of a piston rod py’, and a steam or water cyl- 
inder p. 

In Fig. 117 are shown the feed ratchet wheels s, actuated by 
1 


pawls s', which were reciprocated, preceding each cut, by the upper 


=u 


Wale 


As ga~ 


tappet c¢. The tappet imparted a uniform oscillating motion to 


its shaft J', which, by connections shown in Fig. 117, oscillated a 
lever v', which was fitted within a sliding box which formed its ful- 
crum, and which could be adjusted and clamped a any point 
between its two extremities. pole 
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A screw v", operated to adjust the sliding box by its connection 
with a collar v, movable vertically by the screw upon a post wi 

The lever v' thus converted the uniform motion of the tappet 
into the variable ; 
stroke required, for 
the pawls s', with 
different feeds. 

The stay-log 4, 
carrying the log 
was drawn backward 
a quarter of an inch 


at the end of each 


stroke, to make the 
log clear the knife 
while ascending the 


ways 

This was effected 
by the means shown thy 
in Figs. 117, 118 and 
121, the nuts x? being fitted by feet 0, and by a tongue fitted into a 
groove o', to slide longitudinally upon a standard am. 

A so-called clearance wedge, consisting in a bar 7?, provided with 


an inclined rib 7°, was fitted in a vertical groove in the standard 7m 
behind the foot 0. and the inclined rib was fitted to an inclined 
groove in the back of the foot. 
The clearance wedges were actuated at the end of each stroke by 
a connection with the lower tappet ct, by bell cranks 4°, and a rod 
}*, shown in Fig. 116; and the nut boxes, when clamped upon the 
screws, were thus moved back and forth at the end and commence- 
rot ment of each stroke, holding the wood up 
~ ae o the knife during the feed, and retract- 
- | ing it during the return stroke. 
7——_——~————\_ The screws n were grooved to slide 
freely through the ratchet wheels s, 
which were provided with feathers, and 
the wheels thus operated to rotate the 
screws, while the latter could be quickly 
retracted when the nuts were opened to 
use the cylinder p for quickly withdrawing the stay log to insert a 
new log.» 


Fig. 120 shows the different forms of pressers used with woods 
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of different hardnesses, and Fig. 118 shows the adjustment of the 
presser adjacent to the edge of the knife, the presser being set at 
the required distance by screws /’, 
connected by bevel gears with a 
shatt 

Fig, 122 shows, in an exag- 
gerated manner, the grinding of 
the edge of the knife at dt: such 


grinding operating to throw the 


edge of the knife slightly above 


its plain surface /*, to prevent the 
knife from running into the wood 
during the cut. 


The presser operated to com- 
press the wood in advance of the 
knife, and rendered the cut ve- 
neer more sound and perfect than 


wtthout such compression. 
Such cempression, however, 


materially increases the resistance 
to the movement of the knife carrier, so that when the machine was 
put in operation, it was found that the elastic force of the steam in 
the cylinder g operated to jerk the entire carrier when {t ran off 
of the wood ; and more or less difficulty was found in securing the 
prompt introduction of the steam at the lower end of the cylinder 


properly to cushion the piston at that end of the stroke. <A 
balanced gover- 


nor valve y (Fig. / 3 
116), was, there- 


fore, applied to 


the rear cylinder 


head (at the sng- 4- 
gestion of *Dr. ol 


Smith’s son), and 


connected by pipe > > aoe 


y' directly with | 
the boiler steam 


pipe g; and such valve was actuated, through an arm w? and link 
w', by a special tappet w, which was operated by a dog upon the 
knife carrier just before the end of the stroke. 

, With this construction the upward movement of the piston was 


431 
) 


DIRECT ACTING STEAM VENEER-CUTTERS. 


not dependent upon the prompt shifting of the main supply valves in 
the chest ¢, which were liable, in starting up on cold days, to work 
stifly for some time; but the live steam from the boiler was intro- 
duced positively into the cylinder before the end of the downward 
stroke, and thus operated effectually to cushion the piston, and to 


4 


< 


ffi 
“At, 


start it on its return stroke. <A spring, not shown, was provided to 
close the governor valve y as soon as the piston had moved a few 
inches upon its upward stroke. 

The inclination of the valve rod ¢ caused the rod and its 
attached piston valves to shift much more readily in one direction 


than the other, and a considerable steam pressure was required in 
the shifting cylinder (which is shown in section in Fig. 123), to 
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move the valves promptly upward for admitting steam to the lower 
end of the main eylinder g. 

To cushion properly the four-inch piston, when moved so rap-— 
idly, the exhaust was conducted from each end of the cylinder to 
the under side of the D-valve exclusively through small steam 


pipes in which wheel valves were placed to throttle the exhaust 
as required, 

With this construction a steam pressure of 70 pounds could be 
thrown upon the four-inch piston to shift it promptly without 
creating any jar in the valve rod which it actuated. 

These pipes are indicated in Fig. 123 by dotted lines extending 
from each end of the cylinder to holes beneath the D-valve. 

The complication of this machine suggested to the writer the 
importance of remodeling the design entirely, and Figs. 124 and 
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125 show a machine recently completed, from the writers designs 
at the Delamater Iron Works, New York City, and now shipped — 
to Toronto, Canada, in which the feed and valve mechanism are. 
actuated by a rotating shaft, and all the impact and jar of the- 
tappets is thereby avoided. 

To rotate such shaft in unison with the knife carrier, it was nec- . 


essarily coupled thereto, involving a crank plate of the same stroke 
as the knife carrier; and as the inclined position of the ways which 
were placed at an angle of 45° produced a downward tendency of 
the knife carrier when the machine was at rest, it was necessary to 
provide an auxiliary engine to turn the lower center, in case of the 
stoppage of the carrier at such point. 

3y the use of such auxiliary engine, the necessity of a separate 
steam cylinder for shifting the stay-log backward was avoided, and 
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a connection was readily made from the auxiliary engine to the feed 
screws, through the medium of friction wheels, which were 
operated by a hand lever to rotate the screws in either direction, 


as required, 
The auxiliary engine was 8 x 8 inches and stationed upon d 
the upper bed plate at a level with the stay-log. ; 
Its pulley, 36 inches x 12, was connected with a friction cluteh , 
pulley upon an intermediate shaft, which in turn was connected . 
by a pinion and 56-inch mortise wheel, 3-inch pitch, and 6-inch face, | 


with the crank shaft (the arrangement of this gearing is shown in 


i 


Fig. 126). The main steam cylinder was 18 inches bore, and sup- 
plied with steam by a single D-valve, actuated by au eccentric | 
on the crank shaft and formed with lap to cut off at two-thirds 
stroke. 

A starting lever, mounted upon a platform, in front of the ways. 
and in view of the stay-log, was connected, by separate rods, 
with the friction clutch, and with the lever of a weighted brake 
applied to the intermediate shaft, the movement of the starting 
lever thus operating automatically to throw the brake into operation 
whenever the friction clutch was disengaged from the shaft. , 

The auxiliary engine was constantly in motion, and a throttle 
lever connected with a valve in the main steam pipe, served to. 
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admit steam to the main cylinder, after the clutch had been 
coupled and the knife carrier set in motion by the auxiliary engine. 

The opening of the steam valve admitted steam to the main cy!- 
inder in the degree required for cutting various thicknesses of wood, 
as from ,; of aninch to 1 inch of pine, and it was found in practice 
that the auxiliary engine alone, with 80 Ibs. of steam, would operate 
the knife carrier to cut soft wood under | of an inch in thickness. 

The 18-inch eylinder has proved, in practice, unnecessarily 
large for cutting thick wood, as black walnut could be cut into } 
inch boards with a very small opening of the throttle valve. 


In fact, the pressure carried (90 Ibs.) was too high for readily 
controlling the machine, and a diaphragm of sheet metal, having a 


central hole of only 1$ inches, was placed in the 4-inch steam-pipe 


and supplied all the steam required tor the large cylinder. 

Samples of wood are on exhibition at this meeting cut from 
white wood, black walnut, and oak, the oak being cut } inch and 
} thick, and the black walnut and white wood being cut from ,'5 
to }-inch in thickness. 

The latter machine was designed to cut boards 4 feet in length 
exclusively for box stuff, as the consumption of wood for such 
purposes in some districts is larger than for almost any other use ; 
and the machine is fully adapted for cutting any kind of wood 
from 2% to } of an inch in thickness, although it will of course op- 
erate with equal facility and uniformity upon thin veneers. 

The device shown in Figs. 127 and 128 illustrates the means 
employed for stopping the feed automatically when the log was 
entirely cut, and 
consisted in 
weight connected 
by a leather strap 
to the feed pawl, 
so that the drop- 
ping of the weight 


would lift the feed‘ 
pawl from the 
teeth of the feed 
wheel. Only one 
feed wheel was 
used, and the feed 


screws were connected by sprocket-wheels and a chain manufac- 
tured by the Link Belt Company. 


| 
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sleeves (shown in Fig. 12), 
and fitted in standards 
behind the stav-log. 
The reciprocating 
rod, which actuated the 
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As shown in Fig. 127, the 
weight could be lifted by a 
treadle, to allow the pawl to 
operate, to start the feed, and 
was then sustaimed by aspring 
latch, which, when the stay-log 
had moved nearly up to the 
knife and the log was entirely 
cut, was released by a dog upon 
the stay-log, thus permitting 
the weight to drop, and lifting 
the pawl as required. 

Fig. 128 shows the pawl 
crank provided with two pawls 
so as to take one-half tooth ata 
feed, and also showing a liglit 
spiral spring connected to the 
pawls to hold them into the 
gear teeth until the weiglit 
tripped by the stay log oper- 
ated to lift them out. 

The feed nuts in this latter 
machine were made solid and 
attached to the stay log, and 
the screws were journaled in 
which were threaded externally 


feed mechanism, was 
coupled by suitable 
links to each of the 
arms shown upon one 
of the threaded sleeves, 
in Fig, 129, to rotate 
them a quarter turn at 
each end of the stroke. 


Such rotation served, 
after the cut, to retract 
the screws and stay-log 
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without turning the screws, so that the knife might clear the wood 
upon its upward stroke. 

The reverse movement of the feeding rod, prior to each cut, 
served toactuate the feed, and simultaneously to rotate the threaded 
sleeve in which the screws were journaled, and to thus restore the 
sleeves to their initial position, in which they held the wood up to 
the knife during the cut. 

This construction was much more simple than the separable nuts 
and sliding wedges used in the former machine, and proved equally 


etfective. 


DISCUSSION. 

Mr. Allan Stirling.—I wish to express my great gratification at 
the presentation of a paper of this kind, and would call attention 
to a recent improvement which has been introduced in many large 


saw mills. In one mill in which I have been interested for many 


vears, and where over 2,000 logs are sawn every day, the slabbing 
is done largely by a gang of cireular saws worked with a steam 
teed. The work is done very rapidly, and the feed apparatus 
works beautifully. 

Mr. John Walker.—In eutting the thick pieces is there any 
tendency for the lumber to split as a lath does? 

Mr. E. P. Stratton.—Is the log prepared for the machine by 
being steamed or soaked before it is put in ? 

Wir. Thos. S. Crane—The layers are always sound when the 
pressure of the rollers is properly graduated: there is danger that 
the wood will be splintered if this pressure is not strong enough. 

When the layers are to be cut thicker than a quarter of an inch, 
the log is usually steamed. The three-quarter inch whitewood 
sample exhibited, and the quarter-inch oak sample were cut dry, 
but it is not usually thought desirable to do this for such thick- 
nesses, as wood cut above } inch is more liable to be checked or 
splintered by the process, and the steaming diminishes such ten- 
dency. 


| 4 


ECCENTRICITY OF P 


SHOULD A PISTON PACKING RING BE OF THE SAME 
THICKNESS AT EVERY POINT? 


BY L. H, RUTHERFORD, NEW YORK CITY, 
INTRODUCTION, 


Tue following paper is an answer to the question whether the 
ordinary cast-iron packing ring which expands by its own elastic- 
ity against the bore of a cylinder can be made to press equally in 
every direction, so as not to cause unequal wear. The ring is 
turned a little too large (perhaps | inch for each ten inches di- 
ameter), and, after being turned, is cut at one point, so that it can 
be compressed into its groove in the piston and be introduced 
into the cylinder, where it is to work. Should the inside of 
such a ring be concentric with the outside, or shouid the ring be 
thicker opposite the cnt? If so, by how much ? 

Mr. Rutherford’s caleulation was undertaken at my suggestion 
to answer this point, as part of the work of his concluding year as 
student in the School of Mines of Columbia College, and, inci- 
dentally, some other questions were brought in as being of interest. 
It is presented to the Society to elicit discussion as to whether prac- 
tice would show that the theoretical discussion has taken account 
of all the factors which should be considered. 


I’. R. UWvrron. 


Let 4 B, Fig. 111, be a transverse sectional view of the eylin- 


der, showing the cast-iron packing ring, V JV, in an exaggerated 
state as to relative size. This ring is of constant breadth 4, 
in the direction of the axis of the cylinder, of variable radial 
depth d, and is severed at the point @. The two halves, 
(PD and C FD, symmetrical in every respect, hold each 
other in equilibrium against external pressures by virtue of the 
internal strains in the ring, 

Let the broken line, VN uV, be the elevation of the neutral sur- 


face of the ring, Which separates fibers in compression from fiber 
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in tension. Since the cross, section is rectangular, this neutral 
surface will be midway between the outer and inner surfaces of 
the ring. Cut off any segment of the ring, as CS P, bya plane 
Fig. 111 P FP, perpendicular to the neu- 
tral surface, intersecting that sur- 
face in the line .V, which is the 
neutral axis of the cross section 
made by the plane 2? 22. Let 
now consider the conditions of 
equilibrium of the segment CSN 
P. Let da, at S be the length 
of an infinitesimal element of the 
outer surface, and call the are 
P S,or the variable distance of 
the element P, Draw 
ON and OS, and draw VN T 
perpendicular to OS at Let OV= 2, O P= = radius 
of the cylinder, variable angle 2? O S = 6 and angle POC: 
4’, Let p = pressure per square inch produced by the packing 
ring on the surface of the cylinder. Now, the area of the element 
at S = 6 da; the pressure on it = pb dz, and, since this pressure 
is directed toward the center QO, its lever arm, with respect to the — 
point V = V T= R&R, sin 6, and the moment of this pressure 
with respect to that pointis pb de sin But w= 
dx = & dé, and we have p b R sin 6 d4, for the moment of 
this pressure. 

The total pressure on the cylinder from C to P is produced by 
the reaction of the strained fibers in the cross section P 22, and 
calling the total moment of resistance of this cross section about — 
its neutral axis V, 4, we have 


M R Ry p dé sin 4, 


Integrating, = Lb A — cos 4) = R ver 

Let us now find the value of Jf for the cross 
section P? 72. See Fig. 112. 


Let f =the unit strain in the extreme fibers 


of the section, that is, at a distance = from 


neutral axis. Let dy = the length of an infini- 
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tesimal element of the section at a distance y from the neutral 
axis. Then its area = 6 dy and the unit strain in this element, in 


accordance with the principle of elastic reaction =, 7% y and the 
fhydy 
total force exerted by this element 


arm of this force, with respect to the neutral axis, is y and its 


Now, the lever 


moment =" y dy, and the moment of resistance of the entire 
( ‘ 


section is equal to twice that of one-half the section 


9 ad 
2 d J 4 


.. by integration, 


6d 


fhe 


Equating the second members of (1) and (2) we have*- 


LR, ph versin 

Now, 2; = OP — ON = R— jd. But 4d in practical cases 
is quite small compared with #, and we may regard the variable 
R — jd as constant and equal to Rk. Therefore, 


d 
= Te versin > . . . . . (3.) 


Having now deduced an equation involving the variable depth, 
we will next seek to impose upon it the condition that, when the 
ring is removed from the cylinder, it sha!l spring back into the are 
of a cirele, as this is required by its method of mechanical construe- 
tion, 

If we take a portion of a ring, as A BC D, Fig. 113, of uniform 
rectangular cross section, and bend it, so that its neutral surface, 
VN, assumes the are of a circle, put 
ting the outer side in tension and the 
inner in compression, it is obvious, 
if the unit strain is constant on each 
side of the neutral surface, in the ex- : Fig. 118 © 


treme fibers, that, on releasing the ring, it will spring back into an- 
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other circular arc, due to the uniform contraction of the outer side and 
the uniform extension of the inner side. Now,it is further obvious 
that, if the portion of a ring, 4, B of constant breadth, but vari- 
able depth radially, be bent so that its neutral surface shall occupy 
the same position, V 4, it will spring back into the same circular arc 
(as far as the neutral surface is concerned) on being released from 
strain, provided that there exist in the fibers of the ring, at the 
time of strain, the same strains as would occur in them if they 
formed part of the uniform ring at the time when it was deflected 
in a circular are, Now, considering A, B CD, a part of A BCD 
we know that the strain fin an extreme fiber of A, BC J), is to 
the strain /, in an extreme fiber of A 2 C PD, as the distance of the 
first from the neutral surface is to the distance of the second from 
that surface. That is, 4d: or = = constant 
because f, and d, are both constant. 


Therefore, f =" 5 (4) is the equation of condition for the ex- 
d, 


pansion into a cylindrical surface of the neutral surtace of a spring, 
which neutral surface is already cylindrical, due to a unit strain of 
f, in the extreme fibers at the point where the greatest depth ¢, 
occurs. Now, the condition which makes Eq. (4) applicable is not 
strictly realized in the case in hand, for it is the onter surface of 
the ring, and not the neutral surface, which is cylindrical ; but, 
unless we find, on further discussion, that the depth of the ring is 
a considerable part of the radius of the cylinder, we may assume 
that the neutral surface is cylindrical, without material error. 

Substituting in (3) the value of f taken from (4), we have 


_f; 
6 6 d, 


= p versin 9, 


6 d, versin @ 
hi 


To find the maximum depth of the ring, which occurs where 
4 = 180° and versin 4’ = 2, we make d = d, and have 


» 12 Rp 


ds 


hi 
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hence 


, 


(B.) 

From a consideration of (1), we see that the depth d@ varies as 
the Nv versin @#, where 4 is measured fromm the smal] end of the 
ring, since versin @ is the only variable in the second member. In 
equation (A) make = and versin 6 = 2, and solve with re- 
spect to the constant coefficient of the versin 4% and we have 


6 I? pa 


2 
Substituting in (A), @ = jd versin 4, or 


d= d, versin 4 = versinf’., (G3) 

From Eq. (C), we see that the depth of the ring at the small end 
is equal to zero, as we should expect. 

In the foregoing deduction it was assumed that the neutral sur- 
face of the compressed ring, which we will call its second state, was 
cylindrical, and, onethe basis of this assumption, there was intro- 
duced into the equation, involving the depth of the ring, the con- 
dition that that form of the neutral surface should have been 
derived from an initial cylindrical form, This is not exactly 
what is desired, because it is impracticable to make the neutral 
surface cylindrical, but it seemed to be the only simple method 
of securing, though approximately, the desired conditions, and the 
error of assuming that surface, cylindrical in its second state, i 


S 


almost completely offset by failing to make it so in its first state, 
as may be seen from looking at the matter in the following light. 
If the neutral surface be cylindrical to begin with, it will have to 
be cylindrical afterward to produce the desired normal reaction, 
which will not be the ease, as the outer surface of the ring will be 
constrained to conform to the rigid surface of the cylinder, whereby 
the thinner parts of the ring will not be bent enough to cause the 
neutral surface to deviate as much from its original form as it 
ought to. 

While, if the neutral surface be not originally cylindrical, all 
that we need ask is that its second form shall be analogous to 
its first form, which is realized by making the outer surface 
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evlindrical; for, then, if 7; is the outer radius of the ring as con- 
structed, and d@ the variable depth, the radius vector of the neutral 
surface will be /’; — 4d, and, after insertion in the cylinder, its 
radius vector will be 2 — sd, d being the same in both cases, 
and, subtracting the second from the first, we have (/?, — 47) — (2? 
— $d) = Rh, — KR, which is a constant quantity; therefore, every 
point of the neutral surface has been made to approach the central 
point by the same distance /?; — 2 by putting the ring inside the 
evlinder. 


Let us now find the relation between the radius of the cylinder 
and the radius of the outer surface of the ring, which is to fit into 
it, for a maximum safe unit strain of 7). 

Let A LB, Fig. 114, be a portion of a rectangular ring, whose 
depth 7; = the maximum depth of the given ring; and let it be 
compressed just as the given ring is, inside the cylinder, thereby 
subtending an angle @ at the center, with an outer radius 2 = the 

radius of the cylinder. Let = the outer 
radius of the ring after the strain is re- 
moved and a, = the angle at the center. 

Jet 7 = the expansion or contraction per 

unit of length due to fi, which occurs in 

Fig. 14 extreme fibers on eith@® side of the neutral 
axis, that is,at a distance 2 or 2 — d, from the center of the ring. 
Now, in compression, the length of the outer surface of A B= Ra 
and the length of the inner surface = (2 d,) a. 


of the inner = (PR, — d,) a, Now, the difference of the two- 

lengths of thie outer surface is equal to its contraction = (22 a) / 
- R, R al, or R, a, = Ra(1— /) (5), and the 

fe rence of the two lengths of the inner surface equals its expansion — 


= (Rh — ad) al, 


When unstrained, the length of the outer surface = /?; a, and 


(R, —d)a, = (PR — da (1 (6.) 

(R (1 +0) 
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Rd, 


Rd 
1+)-2UR 


But 7 is so small compared with 1 that it may be neglected in 
that connection, giving 


R d,— +2 Te? 


‘Eguation (7°) gives the amount by which the radius of the ring 
should exceed that of the cylinder, where / =} £ being the mod- 


ulus of elasticity for the material of the ring. 

In order to obtain more definite results it will now be necessary 
to assuine specific values for pand f,. Guided by previous trial, 
in the aim to secure simplicity, let us make p = ;% lb. = pressure 
of the ring on the cylinder per square inch of area. 

Let safe working strain of cast-iron per sq. inch of crd&s section 
= 3500 lbs. = ff. This is, of course, for tension, that being the 
strain to which cast-iron more easily succumbs. £' is about 


t 3 500 1 
14 200 000 Ibs. =i: 
( Ibs. and 7 FE = 149200000 ibout 4050 


15 x 


From Eq. (B) d, =2R { 


445 
fi 
or. 
d; 
Now, 
R 
1 
= - @) G 
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From Eq. (C)d 63 versin 4 = 63 versin 


(D) R, = 
4050 


R=1018 


l 


Bw 


“3 value of $d, = R would 


seem to justify, at least for practical 
purposes, the assumption that (2 — 
3d,)= Rh. See page 441. 

Let us now endeavor to deduce the 
dimensions of an eccentric ring, whose 
radial depth shall approximate to the 
theoretical depth d, as above. 

Let A C B(Fig. 115) be the theo- 
retical ring, in a natural, unstrained 

state, with an external radius, therefore, equal to 2,. If the ends 
of the ring just touch when the ring is in the cylinder, their distance 
apart now is = 227 R= 2 a (Rh, — LP), and one-half 
the angle subtended at the center by this are = } x 2 7 (Rh, — 
R)+R,=7 — #) = - 
sl 
subtended by the arc, .1 C, to the radius 2 and 4” = the angle 
subtended by the same arc to the radius 2,, we have R# = AC 


= R, or 6” = = 8] From figure = 81 
80 1 


+ - = 30 4), or 
81 gq (7 + 80 ), O1 


on ’ 
= .0123 7, Now, if 4 = the angle 


= 0123 (x x 80 4’), 


1 

‘ > 
Fig. 115 

~ 
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Let @, = the greatest and d@, the least radial thickness of the cor- 

responding eccentric ring. Let ¢ = the distance between the centers 

of its inner and outer surfaces = - 9 Then, if d= the vari- 

able radial depth and 4, its angular distance from the point of least 
depth d,, we know from a trigonometrical deduction that 


d =R —tcos — V7 — sin’ 


where 72? = larger and 7 = smaller radius of the ring. But R= 
r+t+ d,, and @ sin’ 6, is very small compared with 7? d= 7 
+t-+ d,—t cos 6,— 7, or 


d= d, + t (1 — cos = d, + ¢ versin 4, 


d,—d. 
d = d, + 9 “ versin 4, 


= 


” 


In Eq. (C’), for convenience in subsequent comparison, make d, 


= 1.26, and from the resulting Eq. ¢d = y/ versin 4, let us caleu- 
late the values of d for 4 = 0°, 30°, 60°, 90°, 120°, 150°, and 180°. 
Tn Eq. (7°), also, make d; = 1.26. Let d, = $d, Then 


3 + .815 versin 6, = .315 (3 — cos 4,), 


and from this equation let us calculate values of d for values of 4, 
corresponding to 6 = 0°, 30°, 60°, etc., these values being derived 
from Eq. (11). The following is a comparison of the results: 
THEORETICAL. ECCENTRIC, 
Angle @’. Depth. Depth. Angle @a. 
0 630 2°13 
.512 31°52 
794 61°30’ 
91 07 
.145 1.1038 120 45 
231 1.218 150°22 
1.260 180°00 


or. 
¥ 


In Eq. let us make = 1.40 d, = .56, whence 


af 
1.40 — 56 _ .B4 — 49 


and we have 


= .56 + .42 versin 0 


a 


Instituting a comparison between values 


of d, caleulated 
. this equation, and theoretical depths : 


.512 


.794 | 1.000 | 1.145 
.980 


231 | 1.260 
O44 400 

These two eccentric rings appear to be as close approximations 
to the theoretical ring as can be secured with a single interior 


circle. Which would be the more desirable, practically, is a difti- 
cult matter to decide by surmise alone. If, after turning out the 
first eccentric ring, the surplus metal in 30° of the ring on each 


of the ends could be removed, so as to leave a gradual taper, this 


ring would seem to leave little to be desired. 


The practical rule would then be to calculate by the proper for- 


mula the value of the maximum depth, that is, ,!; diameter of the 

cylinder. Take one-half this for the least depth of the ring and 

one-fourth for the distance between the centers. The outer radius 

is = radius cylinder, and the inner radius is 7 = 22, — -- d, = 

PR, — }maximum depth = 3} 2 — = R= 

8; r= 268; t= 

The distance between the ends of the ring, if they are to touch 
in the cylinder, measured along the surface of the ring, whether the 
ends are cut off squarely or diagonally, =27R,—22Rh=27 

— =- : = 75 az R= .08 


80 


Example: For a 36” cylinder, 


kt = 18"; D = 36". 


Greatest depth of ring = 


Greater radius of the “ = 1.01 2? = 18.23". 


Distance between centers = = 1.79 = 016’. 
ends of 


the ring uncompressed = 0.08 22 = 1.44". 
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DISCUSSION. 


Mr, Ezra Faweett—1 do not know that I can add anything 
to the able paper of Mr. Rutherford, except to corroborate its” 
conclusions to a certain extent by observation and _ practice. 

I claim that a piston packing ring, which is divided at one 
point only, should be of a decreasing section, from a point oppo- 
site the cut, in order to obtain a uniform pressure and contact of — 
ring by its own elasticity against the cylinder. In practice in 
springing in a piston packing ring of uniform section and say_ 
} larger than the bore, for a 10° cylinder, we find that it bears” 
much harder on the extreme points at the cut, and is not in con- 
tact with the cylinder back of the point, owing to its uniform: 
thickness and stiffness at that point and its larger circumference, 
relative to the cylinder. 


By decreasing the thickness of these points in an eccentric 
form, we come nearer to a uniform pressure of the ring; also in ~ 
springing the rings over the piston, into grooves turned to receive 
them in what is termed a solid head, we find it much more easily 
done, 


As to the proper proportion for thickness of ring, this depends — 


somewhat on its width or longitudinal section. For a 10° eylin- | 
der the dimensions should be 3" to 8" rectangular section at great- 

est depth and }" at least depth of ring; the ring uncompressed 

being turned }' larger, gives good results. 

In my own practice, one particular high speed engine, attached — 
direct to a large 60" circular saw is making 400 to 600 revolutions 
per minute, and has been in general use some thirteen years. It 
is giving good service yet, and its rings are proportioned accord- 
ing to a rule which seems so nearly that of the solution contained 
in the paper, that it leaves little more to be desired. 

Mr. C. I. Porter.—I believe that a piston packing ring acting 
by its own elasticity was first employed by Mr. Ramsbottom, the 
well known Superintendent of the London & North Western Rail- 
way, some twenty-five years ago. In 1862 I was exhibiting in Lon- 
don a few American engineering novelties. Mr. Webb, then Mr. 
tamsbottom’s assistant at Crewe, was a frequent caller upon me, 
and he described to me a number of Mr. Ramsbottom’s inventions. 
One that interested me very much was this piston ring, which was 
then in the market for sale in England. The description of it 
will suggest the progress that has been made in engineering prac- 
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tice since that time. Mr. Ramsbottom’s ring was a¥parallel ring, 
equal in depth all around. It was a wrought-iron ring, and the 
form of it was derived by a very peculiar process. A ring was 
- bored and turned of the exact diameter of the cylinder. This was 
cut on one side and laid on a table, around which were placed a 
number of pulleys equidistant from each other. Over these pul- 
leys cords were passed, and weights were attached to them, and 
this circular ring was expanded equally in all directions by the 
pull of these equal weights. The ring was thus drawu cut into a — 
curve of no mathematical character whatever. That curve was 
traced, and the rings were rolled to that curve. They were not 
circles, but when compressed to the original diameter they would 
be circles. 

I used the Ramsbottom rings made in that way for some 
time in England, but with poor results. They wore very un- 
equally, They would sometimes wear quite in two at points per- 
haps two to four inches from each end. So I ceased to use them, 
and employed cast-iron rings, sprung into grooves in the piston 
after Mr. Ramsbottom’s method, and which I always bored 
eccentric. The eccentricity was rather moderate; perhaps the 
thin side where the 1ing was cut was half the depth of the 
opposite side. These rings always wore well in my practice. 
They were found to bear on every point of the surface. But 
the precise degree of eccentricity required to give uniform radial 
expansion, equal in all directions, and so theoretically correct, L 
have never known how to arrive at. The solution given in this" 
paper is of great interest to me, and I presume will be to all 
members of the profession. 

Mr. John Sweet.—To one who cannot form’ the least concep- 
tion as to what it all means, Mr. Rutherford’s paper seems to 
present a wonderful array of figures to demonstrate what it would 
seem ought to be arrived at about as accurately by a simple proc- 
ess of reasoning without any figures whatever. 

If it is true that a bar having a straight lower edge, parallel 
in thickness, with its upper edge formed to a true parabolic curve, 
will, if uniformly loaded, deflect to a true circular curve ; then one 
would suppose if such a bar were bent into a true circle and 
crowded into a cylinder somewhat smaller than itself, it would 
press against the surface all around with a uniform pressure. 

As an eccentric ring, if cut through its thinnest part and 
straightened out, would not make a bar of the above form, it 
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cannot be theoretically correct, but as it more nearly approaches 
that form than a parallel bar, it is so much nearer correct. 

Were we to make the packing rings to the true theoretical 
form, they would possess a feature that would render them 
worthless in practice. The ends would be so thin and have so_ 


little bearing in the groove in the piston, that they would soon _ 


wear loose, and by further use wear off the outer corner of the 
piston and the inner corner of themselves and wedge in, ending ~ 
in a smash-up. 

In this connection it may be pertinent to consider the two lead- 
ing difficulties with the “ sprung in” rings, neither of which come 
from any constructive difficulties. If made weak and just large — 
enough, or with sufficient tension so as not to leak, a little gummy 
oil or worn off metal will stick them in the groove. When this: 
happens their usefulness is entirely destroyed, or if given consid- 
erable tension to overcome the sticking, they wear unduly fast and > 
are liable to eut. Probably the best which can be done, is to 
make the rings much stronger, and give the least pressure against 
the cylinder that will answer, by turning them only slightly larger 
than the cylinder. By so doing the tendency to wear is no greater, 
while the power to free themselves from striking in the groove is 
much greater. 

I should adopt very different proportions from those given in 
the paper, making the ring in its thickest part not less than 1- 20th 
the diameter of the piston (at least for small pistons), and not 
turn them more than 1-80th or 1-100th larger than the cylinder. 

The width of the ring in proportion to its thickness has a great 
bearing on the subject, the narrower being the more likely to stick 
and the wider the more likely to wear loose; and also, the quality 
of cylinder oil has as much to do about the success or failure of 
the job as any other one thing, for poor oil will upset all theory, 
and the largest part of good practice. 

In our practice we use the “sprung in” rings entirely, as we 
only build small engines, and for 10-inch cylinder the rings are } 
inch square at the thickest and 4, or 4 x } inch at the thinnest 
and turned only about 4 inch larger than the cylinder, though just 
what they are after being sprung on the piston cannot always be 
told, for unless of strong iron they take permanent set. It is our 
practice to cut out about 4 of the thin part of the ring, which 
makes it a little nearer the true theoretical form. The thick part 
of the ring is always at the top (our engines being all horizontal) 
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and the grooves between the ends of the ring are filled in solid, 
thus restoring the wearing surface to the piston for a small part | 
of its circumference. 

The whole arrangement is theoretically pretty good, practically — 
probably as good as any, but bad oil and neglect will induce them 
to cut and wear out, and hence we are looking and striving for 
something better. 


Mr. Chas. £. Emery.—I think it is due to the young gentlemen 
who has prepared this paper to say that in the opinion of the 
speaker it is a very creditable example of analysis practically 
applied. The results correspond well with the speaker's expe- 
rience with what are called “Ramsbottom rings.” ‘Twenty years 
ago, in examining the engines in one of the largest flouring mills 
then in operation in this country, I found that they had been 
using brass piston rings and were only getting some 600 horse- 
power out of the engines. By changing the rings and putting in 
cast-iron ones of the type under discussion, with the points about 
one-half the thickness of the backs, the engines developed over 
900 horse-power with less consumption of fuel. 

The general results obtained by Mr. Rutherford are evident 
from the ordinary investigation of the transverse resistance of 
beams. With a beam supported at one end and-loaded uniformly, 
the caleulated depth for uniform width will result in a parabolic 
curve, and as each section is proportioned to the moment at that 
point the angle due to deflection will be the same at each point. 
It would seem that the results given in the paper would be ob- 
tained directly by a simple adaptation of the ordinary discussion 
to a polar equation. I have not had time to examine this matter, 
and it may be the formula would practically reduce to the form 
given. 

Prof. J. Burkitt Webb.—As no mention is made of Prof. Rob- 
inson’s paper at the Hartford meeting,* it is presumable that the 
author has not referred to it. It covers the same ground, attempt-. 
ing also to approximate to a correctly tapered ring by means of 
circles ; but with regard to both papers there is, in my judgment, - 
a grave criticism to make. In the case of a steam-tight fit 
between metal surfaces, we have to discuss thousandths, or, per-_ 
haps, ten-thousandths of an inch, as affecting the fit. Now, neither 
of these papers tell us how much the fit between ring and cylinder — 
will be affected by the various approximations introduced into the 


* Trans. A. S. M. E., Vol. IL, p. 19. 
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mathematical analysis. It is safe to say that the practical value 
of any theory involving approximations is very greatly reduced, if 
not destroyed, by the neglect to calculate and sufficiently indicate 
the effect of such approximations, so that the theory may be ap- 
plied to a practical case with some definite assurance against: 
error. For example, in the paper under discussion, passing over 
the various approximatious involved in the production of the 
formule, we have tables of “ theoretical” and “ eccentric” depths of 
rings, but there is no attempt to show how the considerable varia- 
tions between these depths will affect the fit of the ring, causing, 


very likely, a leakage of steam. Prof. Robinson advocates an in- 
inside cirele different from either of those of Mr. Ruthertord ; 
Prof. Robinson throws his circle out of center a distance=0. 2 
greatest depth of ring, while Mr. Rutherford tries 0.3 and 04. 
Neither, however, proves that rings so made will be of practical 
value. Prof. Robinson claims that a drawing of the correct ring 
shows that a circle may be drawn so as to approximate closely to 
two-thirds of the inside of the ring, but how large the drawing was, 
and how carefully made, or how close the approximation appeared 
is not told, and the method of calculating the exact size of this 
circle is simply to pass it through three correct points—one op- 
posite the slit, and two at 90° therefrom. Both of these proposed 
simple methods of making rings leave a large and important 
portion of the ring to be finished by a file or otherwise, and it is 
this portion which is most likely to fail to make contact with the 
cylinder. In our judgment the proper way to discuss a ring formed 
of eccentric circles is simply to call attention to the fact that for 
a ring whose greatest depth is one inch, the proper inside diameter 
from the slit across is nearly .6 inch longer than the inside diameter 
at right angles thereto, and that, therefore, a circle would not 
be suitable for the inside. 


If it be advisable to form piston rings to the exact theoretical 


shape for a uniform pressure against the cylinder, there are ways 
enough to accomplish it ; they can be milled out inside, or turned 
out with a tool fed in and out by a pattern bolted to the face plate, 
or it is possible that a good ring might be made by carefully cast- 
ing the inside of the proper shape and turning only the outside. 


Prof. Robinson refers also to rings which are made of uniform 
thickness, and says that their ends close to the split will “ bear 
heavily upon the cylinder, with a probable space of no contact 
for some distance back.” A short analysis, an example of which 


| 


is appended, would have warranted a positive instead of a prob- 
able statement and it would have been even more satisfactory if 
the length and opening of this space had been discussed. We 
have at the Stevens Institute an eight-inch piston with rings of 
uniform depth (we should prefer to eall it “thickness,” and adhere 
to “depth” only to suit the paper under discussion), The open 
space is 70° to 90° on each side of the split, and the calculated 
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maximum opening is about half a hundredth of an inch. In spring- 
ing the ring open to cet it off and when it is tightly clasped about 
the outside of the piston, there are, in the same way, similar open 
spaces of at least one thirty-second inch maximum opening 


These two effects of the uniform depth are shown in Fig. 158. 
The greater opening in the second case is accounted for by the 
fact, that in getting the ring off it must be sprung open by an 
amount four times greater than the amount required to close it 
in to the size of the cylinder, and that the are of contact opposite 
the slit is much smaller than 180°. This ring leaks badly aud the 
extent circumferentially of the open crack is evident by the 
absence of wear on the exterior of the ring. This ring was turned 
to a diameter only about a sixteenth larger than the cylinder, and 
shows that some attention should be paid to forming rings properly. 
Had it been turned say only a thousandth or two larger than the 
bore, and had its ends foreed apart by a spring acting at the slit, 
it would most likely have been an excellent ring, fitting the eylin- 
der quite as well as any taper ring could do, and having some 
advantages which the latter has not. 


APPROXIMATE ANALYSIS OF FIT OF 8” UNIFORMLY-THICK RING. 


An examination showed that the ring fitted for 180° oppo- 
site the slit, It remains then to determine the width of the 
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opening between the rest,of the ring and the cylinder. Suppose 
the slit at A (Fig. 159); the ring + 
bears against the cylinder for a 
short distance at the slit with a 


pressure, Which we will call /’, but 
which need not be known. At C 
the ring is to be supposed tangent 
to the cylinder. Let 2 be any dif- 
ferential element of the ring. Then 
the force 7? tends to bend this ele- 
ment, and by virtue of the bending 


of this and the other elements the ig..159. 
ring is in the position shown, instead of in its natural (dotted) 
position. The moment of P tending to bend B is 


moment = = (approx.) PZ sin 


The length of the element being 2/4, the amount of the bending 
will be proportional thereto, and the distance which the end A 
goes toward O by virtue of this bending will be still further pro-. 
portional to p, so that we may write differential distance due to 
bending of differential element 

= m PP sin? 6 dA 


(where m is an undetermined constant) and the total distance due 
to the bending of all the elements from A to B will be, 


B 
Total distance = m sin? 
A 


B 
PRS — } sin* @) 
A 


which for # = 5 becomes — 
ok 
=m PR i= b, 


} being the approximate radial distance which the end A is sprung _ 
in under the action of P. 

At any other point, as at B’, we shall have a distance sprung 
inward due to all the elements between B' and C. The moment 
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will be as before and also the length of the elements, but the lever 
arm to which the distance is proportional will now be = 


p = (6 
this gives a differential distance _ 
=m PI* sin sin (6 — 6) dé 


(where m is the same undetermined constant) 


= m PR (cos @ sin? 6 — sin 4 sin 4 cos 4) dé 


which makes the total distance, 


B B 
Distance = m cos sin? — mP sin sin 0 cos 0 a0 
B B 


9 


m PE cos — {sin 24) — m PR sin 6 
B 


= 


- 
which for 6 = 9 becomes 


eg sin 
eg = m cos 6 = 


Now for the ring to fit the eylinder eg should correspond with 
ef, but we can calculate ef geometrically as follows (Fig. 160): 


2 


O'e = R + b, which approx. 
=Pf+h+ 


“ef = b(1 — sin (8) 


= 


| 
| 
{ 
‘ 
4 
| 
| 
\\ 
\ 
Pe 
We have the DY subtractil 4 (2) 
Fig. 160, 
Width of crack at 2’ 
= fy = eg — of = (sin? + cos #—~1~=sin 6’) 
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Putting this to a maximum we get 


sin 6 = —— cos 4 from which 


cos #6 = . 94 and sin 6 — .34 
or @’ somewhere near 20 s 


These values give in (4) 


max. width of crack (.86 + .34 + .94—1) = 


By measurement b = .08 inches 


max. opening = .005 inches. 


An examination of the approximation made in arriving at this 
result shows that it can be depended upon with .001 of an inch 
if the ring is truly circular and homogeneous to start with ; and 
a rough circulation based on the measured one-thirty-second of 
an inch and the greater amount of spring required to get the ring 
over the piston alluded to in connection with Fig. 158 shows that 
this result is about right. 


( 
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THE EDUCATION OF INTUITION IN MACHINE 
DESIGNING. 
».” 
BY JOHN T. HAWKINS, TAUNTON, MASS. 


(Member of the Society.) 


Ir may, perhaps, at first thought, seem apochryphal to say that a 
boy’s intuitive mechanical perceptions or tendencies may be edu- 


cated; but a closer look at such a proposition, will, I think, open 
up to our view an important channel through which the technical 
education of our boys may be modified to a considerable extent, 
and to their great advantage as practical men when they begin to 
assume the responsibilities of that part of their profession involving 
machine construction. 

One of the greatest difficulties in ordinary machine construction 


(and particularly complicated machines containing a comparatively 


large number of parts¢ many of them of insignificant dimensions.) 
is the proper designing of the various parts, so as to fit them best 
for the service which they have to perform, without resorting, to any 
considerable extent, to the mathematics for their solution. In a large 
proportion of such cases, the matters of strength and wearing 
and other qualities are important questions of consideration ; and 
others, such as form, outline, and general appearance presented to 
the eye; accessibility for manipulation in the machine, their con- 
gruity with other members of the same machine; the most acceptable 
manner in which a given piece may be made to depart from what— 
would otherwise be its most desirable form, in order to escape con- 
tact with some other member; the facility with which it may be 
put in its place in assembling the machine, or another substituted 
for it with least disturbance of the other parts, in case it should re- 
quire to be replaced ; the questions of cost of its construction, and 
in connection therewith the modifications of it permissible as con- 
ducing to cheapening of the methods of its production ; what tools 
are available to be used for its production; and a thousand and one 
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such questions as these depend largely for their solution upon what 
may be called the intuitive capacity of the engineer engaged in ma- 
chine construction ; and, in a large proportion of such, mathemati-_ 
eal investigation can only be resorted to, if at all, in a most unprof- 
itable way. The engineer is met at every turn with questions of 
this kind, which cannot profitably be subjected to the ordeal of 
figures, but which are no less important in a vast variety of me- 
chanical constructions than those problems which more decidedly 
depend, for their sué¢cessful solution, upon analytical processes. 
There are also many questions of proportion which involve 
strength and wearing and other qualities which are so complicated in 
the kind of stresses to which the parts may be subjected; and the direc- 
tions of application of those stresses are so involved with other con- 
siderations, such as some of those pointed out above, that analytical 
methods must fail, if applied to them, and in which the intuition of 
the engineer must almost entirely constitute the solvent. I take it 
that the faculty in man which may perhaps be properly defined as 
mechanical intuition is as much dependent upon education for its 


full development as a natural tendency to be musical, or an innate — 


talent for painting, or any of the fine arts. It is well understood | 
that, no matter how great a prodigy a boy may show himself to be 


in either of the directions last mentioned, the cultivation of his par- 
ticular tendency is indispensable to any marked success in the ap- 
plication of it; and it is doubtless true that a natural mechanic may 
be developed by cultivation to as great an extent as a natural mu- 
sician, or artist, or orator; and that, without development, either 
of them must necessarily be deficient. 

Of course, it is admitted that the particular kind of training — 
which will best develop this faculty in a boy is to be had in the 
practical application of his knowledge and talents after leaving col- 
lege; but I believe that a very considerable preparatory course in 
this direction may be followed in the schools, such that a young 
graduate of a technical school shall not—as is now very largely the | 
case—upon entering upon the practical duties of a mechanical engi- — 
neer in some manufacturing establishment,—tind himself to so great | 
an extent unable to apply and make useful to himself and to his em-. 
ployer that which he has worked so hard to attain while at school. 

One of the greatest difficulties attending the début of a newly- 
fledged technical graduate in the practice of his profession as applied 
to machine designing is that he commences with a very decided 


tendency to carry out the exact methods which he has been pursuing 
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at school; and the fact that emploving manufacturers immediately 
find that these methods have to be so extensively reversed or sub- 
dued, if the young aspirant is to spend his time in a profitable 
manner, is a good indication that the education of what has been 
quite forcibly denominated the boy's “ horsesense” by Mr. Dodge,* 
has been sacrificed during his college course, and that so much 
prominence has been given to what may be termed the metaphysics 
of engineering as to leave him very largely an impracticable. It 
is within my experience to find a young man ‘who had graduated 
with high honors from one of our best colleges, upon first attempt- 
ing to use the knowledge there acquired in machine design and 
construction, becoming completely Jost in an effort to apply a 
comparatively high order of analysis to the designing of some part 
of a machine which could, in no profitable manner at least, be ar- 
rived at in any such way; and, not having had much previous train- 
ing of that faculty which wonld enable him to design such parts 
properly and well, without resorting to a more or less elaborate ap- 
plication of mathematics, the result was anything but satisfactory. 
In this way, we find that our young men are very much behind 
where they ought to be upon Jeaving school, in the particular direc- 
tion of machine design and construction, and that they have, upon 
entering practical life, only begun another course of training as 
distinct from that which they have followed at college as can well 
be imagined. They are disappointed, armed and equipped as they 
feel themselves to be with what they suppose is all that is necessary 
to enable them to start out as designers and constructors of ma- 
chines, to find that, in perhaps the very first task set for them, they 
are all at sea; and it is certain, in the writer’s mind, that, if some 
system could be instituted in our technical schools looking to the 
greater education and development of mechanical intuition in 
boy, schooling his eye to recognize good proportion and proper 
strength of material and the direction of application of the same, 
and stimulating and exercising his inventive faculty in such a way 


as to make him fertile in the resources which are so constantly de- 


manded of the constructing engineer in machine designing, such 
an addition to the technical curriculum could be profitably made, 
even at the expense of some of the more analytical knowledge with 
which his mind is now more exclusively stored. 

I am not of those who are inclined to belittle the importance of 


* Trans. A. 8. M. E., Vol. VI., p. 548. 
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the higher mathematics in their proper place; but I do believe 

that the tendency in our schools is to impress the students with the 
idea, in too great a degree, that machine construction is dependent 
upon the application of mathematical analysis, and very much be- 
yond what, in practice, there is any necessity for; and I believe — 
that one of the most important things which could be instilled into 

their minds to-day would be the fact that, in designing any im- 

portant machine (while in many ways the application of mathe- 
matical processes is indispensable to suecess) it is essential to know 
when and where not to attempt to apply these methods, and to be 

able to design, arrange, construct, and create in the proper places: 
without them. Of course, it may be said, strictly, that there can be 

no piece of machine construction which cannot be subjected to, and 

its dimensions and other characteristics decided by, strictly analyt- 

ical methods ; but, in a very large proportion, such a course is eco- 

nomically out of the question, and they must be looked and thought 

out practically by the engineer's intuition—that is, his capacity to 

judge, unaided by abstruse, computations, as to their best propor- 

tion and form, the material of which it is best to construct them, 

and many other considerations, such as indicated above, which are 

generally to be given their proper weight in the final designs. 

One of the principal factors in this educational problem is écon- 
omy. If it be accepted that, as above admitted, every conceivable 
problem of machine construction may be solved mathematically, in 
a vast majority of cases it would be the sheerest waste of time and 
money to attempt it ; and, in this age of close competition and struggle 
for cheapening of every production, it is one of the very first con- 
siderations that a designer does not waste his time over analytical 
computations where his object may be attained in a more direct 
and simple manner; and perhaps there is no aspect of the question 
which applies itself more forcibly to the manufacturer or manager 
than that the tendency with our technical graduates upon entering 
upon the practice of their profession is to be too expensive, one of 
them rarely being able to egmpete in this respect with a young 
man who has had his mechanical aptitude or intuitions more 
thoroughly trained, though not in the possession of a tithe of the 
higher education with which the college student has been favored. 

It may be contended that the manual-training branches of such 
schools are intended and should be sufficient for the development 
of this mechanical faculty, but I think not—at least, as they are 
now conducted ; nor do I think it would be possible to combine the 


two in any desirable way. These are excellent for the training of 
the hand or the imparting to the student of “finger wisdom,” as 
Mr. Partridge* has it; but very little in the way of deciding propor- 
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tion, form, streneth, and adaptation of parts of a machine can be 
gotten in the workshop. It is in the mechanical laboratory and the 


drafting-room where the mechanical intuitions of the designer can 


best be educated and developed. 

Ido not know that Iam prepared to formulate any system of 
training which shall better tend to the education and development 
of this mechanical intuition, in the technical schools. There are, 


however, IT imagine, many ways which will commend themselves 


to the instructors, in which something of this kind could be more 


extensively followed out: as, for instance, in all such schools there 


are more or less machines of various kinds in the laboratories, kept 


there for experimental or other purposes. From some machine of 


this kind, for example, there might be removed a single member; 


the machine turned over to the student, with the problem given 


to make a sketch or drawing of this member strictly by the intui- 


tive promptings of his brain, and without any computation of its 


required dimensions or form, Then it might be compared with 


the removed member ; or, if advisable, let him, after designing it, 


verify or disprove the correctness of his design by computations to 


any extent or depth necessary. Again, a member of a machine 


may have a specific form given to it principally for reasons entirely 


independent of its proportion and strength. In such a case, tender 


the problem of designing a substitute for it as dissimilar in form as 


possible, to be equally well fitted to perform its functions, and 


without resorting to mathematical computation ; or perhaps copies 


or blue-prints of working drawings could be gotten from machine 


manufacturers, and, in the same way, the student be given a piece 


to design which he has not seen, such as will be fitted to go with 


the rest, which he may see and consult. Let him see, in this way, 


how near he can come to what has already proved to be good in 


practice ; and, if necessary, thereaftergcriticise both his own and the 


manufacturer's work by the most crucial methods of which he is caps 


ble. Some part of such a machine might be pointed out to which was 


given a specific form for reasons of accessibility or facility of ex- 


change, and the student might be required to contrive some other 
means of achieving the particular end to be attained. Almost wid 


* Trans, A. 8. M. E., Vol. VI, p. 535. ay | 
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part of a given machine may be produced in a great many ways, 
each resulting in a different cost of the piece produced. In such 
a case let the student devise and indicate the proper methods to 
he pursued to produce it at the least cost, modifying his design to 
conform to this consideration. Very many such problems as these 
might be instituted by the instructors, which would constitute a 
very excellent training of the mechanical instinct in the student, 
and his inventive faculty be exercised and developed. 

One difficulty which might be mentioned in the application of 
this intuitive or instinctive method so largely indispensable in ma- 
chine designing is, that working drawings made upon some small 
scale are, to the eye and judgment of most men, very misleading. 
A given detail of a machine drawn, for instance, one-quarter size 
will appear very differently when laid out full size; and, in my 
opinion, there is no one feature which requires more thorough 
training where a designer is to rely upon his unaided judgment 
than this, and I believe that one of the best possible exercises for 
the student looking to the fitting of him for a machine designer 
would be to make drawings first to some fractional scale and to 
draw them out afterward roughly on the black-board or on large— 
manilla sheets, full size; designing the part or parts, to all intents. 
and purposes, first upon a small scale, then drawing them full 
size, to enable him to verify by his eye and judgment the correct-. 
ness of the smaller drawing. 

Tam aware that to all this some will ery, “ Rule of thumb!” . 
But I believe, while I deprecate any such exclusive reliance upon 
it, a8 is too often permitted and practiced, this same rule of thumb 
may be made a most excellent one, if properly hedged in, and its” 
good points only developed and applied in machine construction, 
I believe that, in-our technical schools, the rule of thumb is too 
persistently sat upon, and that it is capable of being brought to a 
sufficiently high standard, by proper systematic development, to be 
of incalculable value to the mechanical engineer. 

The writer advances these thoughts more with a view of elicit- 
ing discussion than of attempting to point out how the object _ 
sought could be best attained—in the profound belief, however, 
that much which may be known under the terms mechanical apti- 
tude, intuition, instinct, or inventive faculty, is now neglected in our 
schools, while it is what should be educated, nourished, and devel- 7 
oped to the greatest degree, in order to turn out successful me- 
chanical engineers. 
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DISCUSSION. 


Mr. C. A. Smith.—While I do not take exception to anything said 
+ in Mr. Hawkins’ paper, I do wish to say a word or two in defense 
of, rather than to criticise, the student and the technical schools. 
There seems to be a great deal of talk and writing, at the 
present day, about the “ practical inefficiency” of the technical 
schools, as well as that of the student as he seeks an entrance 
into the arena of “ practical mechanies.” I will not deny that a 
great deal which is said is true: I will not deny that many a 


young mechanical engineer, so called, is frequently disappointed 
when he discovers that he cannot step directly from the rostrum 
of Commencement Day into the position of superintendent of 
some prosperous manufacturing establishment, but must content 
himself for a while by weighing castings, or making tracings, ete. 
Nor will I deny that these young men have acquired their diplo- 
mas honestly, and by hard labor—not eight or ten hours per day, 
but oftener from fourteen to eighteen hours. But in all the discus- 
sions relating to this subject, one immutable law of nature seems to 
be generally lost sight of, or to be left out of consideration, and 
that is the fact that man is limited in his abilities, and, conse- 
quently, it takes time to accomplish a certain result. The abilities 
of individuals to acquire knowledge vary very much, but to expect 
the most capable man, at the age of entering college, to acquire a 
sufficient amount of knowledge in a four years’ course of studies 
to make him a successful designer of machinery, or manager of a 


factory, is simply thoughtless in the extreme, to say the least. 
Let any man, who is considered a fair designer, stop a few min- 
utes and count up, “ on his fingers,” the number of years required 
for him to acquire those qualifications which he now considers 
essential in a good designer. Perhaps he can count them on his 
fingers, and perhaps he cannot. 

The fact is that four years is much too short a time to educate 
a young man to be a full-fledged mechanical engineer. Four 
years may be enough for the collegiate course, but the knowledge 
gained there is not all which is required. Perhaps the instruction 
received at college is deficient in this’respect, that it leaves the 
student under the impression that all he has to do, after he 
receives his diploma, is to walk out upon this broad Jand and 
take possession of all he can survey; to tell the Fultons, the 
Stephensons, the Watts, the Eads, the Ericssons, etc., to step out 
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of his way, as he is ready to show them “a thing or two.” The 
young man should be given to understand that what he learns in 
college is not the end, but only the beginning of his studies in 
mechanical engineering. 

The college can only equip the student with a good set of tools, 
as it were, with which he may start in his life work. After he 
graduates he is prepared (or at least he should be) to go into — 
practical life and learn—not teach—the other requisites of a good | 
designer. Some of these are: quite a thorough knowledge of the 
machinist’s trade, foundry practice, pattern-making, blacksmith- 
ing, etc., the more of each he can get the more valuable he will 
be as a designer. The technical schools and colleges give 
instruction in most of these branches, but they cannot do more — 
than give the pupil a start in this direction—simply point out the | 
way in his future studies, and ,then bid him learn for himself. 
The college course is too short to do more. For a man to be a 
successful engineer and designer he must_have a fair knowledge of - 
the mathematics in all its branches, pure and applied, including 
mechanics in its various subdivisions ; also the natural sciences to a_ 
certain extent ; the more he can get out of each the better. These 
he should get in the college, as he can get them nowhere else so” 
well. The remainder of the reqnisite knowledge he must get in 
the world of competition, and it is there where the “ mechanical | 
intuition” must be developed. 

The sciences and the arts are the two great schools in which a_ 
man must be educated in order to make him efficient in the prac- 
tice of mechanical engineering. The former he can get best in 
the college and the latter nowhere so well as in the workshop. If. 
he masters the sciences and stops there he will be a failure as a 
designer, and if he acquires the art without the science he will be 
only another failure of a different kind. In either case he may be 


able to copy designs, but he will never originate any to a great 


extent. It is true that we do find fair designers once in a while 
who were educated from only one of these two sides, but we can 
also see under what disadvantages they work sometimes in conse- 
quence of not being trained from the other side as well. 

In view of what has been said, I may be asked whether I would 
recommend to abandon the shop practice system in use in the 
technical schools at the present day. To this I would answer 
decidedly, No! Although there is abundant work for a student 
to fill up his time during a four year’s course without any shop 
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practice, the shop work is valuable as considered from three dis- 
tinct stand-points. In the first place it gives the student the 
necessary physical exercise, to maintain his health, in a more 
profitable way than he can get it on the base-ball grounds, or in 
the racing shell. In the second place the shop practice system — 

furnishes the best means of teaching the relation of the sciences _ 

to the arts; in other words, it furnishes the means of illustrating 

and teaching, in a practical way, how to apply the sciences in the | 

daily practice of business. It helps the student to remember the 

lessons learned, as it multiplies the association of ideas. 

I once knew a student who, after having studied plane geometry - 
and recited his lessons well, was unable to apply his knowledge to’ 
determine how much to “set over” the foot stock of his lathe to 
turn a taper of three-quarters of an inch to one foot. If the sim- 
ilar triangles had been drawn on paper he would have understood 
them at once, but the moment the lines were hidden in the center 
of a bar of iron, or stretched through the air in an invisible form, 
he could not see any geometry there to apply. He needed some 
instruction in practical geometry to teach him the use of abstract: 
geometry. Similar instances might be mentioned in relation to 
the other sciences. 

Thirdly : Shop practice is valuable because it gives the student 
an introduction into the work which he expects to pursue after he 
leaves college. It gives him a start in the right direction of hi 
future professional studies, but it does not and cannot do more 
than this. If the student gets the idea that he will receive all the - 
training in college which is necessary to qualify him to take full — 
charge of the shop or of the designing of machinery, then there 
must be something wrong in the management of the institution — 
which teaches him so deceitfully. The technical schools usually 
advertise “ to fit young men for positions of usefulness in the de- 
partment of mechanical engineering,” or something to that effect. 
This seems often to be interpreted that the schools can manufacture, _ 
to order, full-fledged mechanical engineers. The student should — 
be frequently reminded that he will have something to learn after 
he leaves college. We never hear of law schools graduating full- 
fledged lawyers. I believe the young aspirant must always take 
an after course with some practical lawyer before he is admitted 
to the bar. Why should the mechanical student expect to fit 
himself for the duties of life in a shorter time, when the subjects | 
of his studies are certainly much more far reaching? There is no 
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class of men who have contributed so much to the present civili- 
zation as the mechanic. No, let us not denounce the technical 
schools because they cannot make mechanical engineers and de- 
signers in the short time of four years. Let us not look upon 
the graduate with contempt because he has not learned all there 
is to be known in four short years. The colleges are doing excel- 
lent work ; let us give them credit for it. Let them continue to 
give the student that which they can give him—a scientilic and 
technical education ; after that he will get what else is necessary 
if he has any ambition and has been properly directed. 

Mr. Samuel Webber.—While agreeing very fully with Mr. Haw- 
kins, as to the value of so shaping the education of a young engi- 
neer, as to develop and extend his natural intuitive faculties for 
machine construction and design, | am compelled to admit that 
I do not believe that any system of study will do so, unless the 
natural and intuitive faculties are strong in him from the begin- 
ning, 

The old Latin proverbs, “Ax quovis ligno non fit Merenrius,” 
and “ Poeta nascitur, non jit,” are as applicable to the engineer, 
and I am quite in accord with the remarks of Mr. Dodge at the 
Atlantic City meeting, which Mr. Hawkins quotes. 

The constructive faculty may be so aided by education, as to 


enable the designer of a machine so to construct his parts of it | 
as to render each best fitted for the stress which is to be put upon — 


it, and not, as ] have seen, to place a T-shaped brace or virder - 
wrong side up; but, like Mr. Dodge, I believe a good deal in the 
great value of * original judgment” in the matter. 

The suggestion made by Mr. Hawkins I deem very valuable, 
and that is, that the young engineer should make enlarged copies 
of his designs, in & rough way, of full size, I know that it will 
aid materially in discovering and correcting errors, which might 
pass unnoticed, if merely drawn in the ordinary way of one-quar-_ 
ter size; and it is mainly to indorse this suggestion that I venture 
to add to this discussion. 

I might, however, add that the practical education of the work- 
shop, where the machine is to be daily used at its regular work, is 
another factor of great importance, and it is one which cannot 
be obtained by any system of study. 

Its weak points are then seen and corrected for the future, and 


I can point to a system of machines long in use in very many of 
our American cotton-mills, and built by various makers, in which, 
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within a few years, radical difficulties have been discovered by 
the workmen who had charge of them, which have led to the very 
extensive substitution of an English mechanism for accomplish- 
ing the same purpose, which avoided the errors. In this case, 
both systems were old, and had been in use for years, but it was 
left for a keen practical workman to discover how and whiy it was 
that one did good work, while the other one failed. 

Mr. John T. Hawkins.*—Since writing thepaper IT have had 
oecasion to look over a work recently published by Dr. W. T. 
Barnard. I believe he is assistant to the President of the Balti- 
more and Ohio Railroad. And I found some very pertinent ref- 
erences to that subject, and I make a few quotations from it as 
bearing out my idea, which I think is more or less understood by 
all the gentlemen who have spoken. 

Dr. W.T. Barnard, in a recent treatise on “ Technical Eduea- 
tion,” says, p. 37, referring to the tendency to ignore practical 
subjects : 

“That this tendency is a very grave danger in technological 
schools generally, is very apparent from a study of those in Eng- 
land, where most of the institutions established purely and simply 
for technical instruction are already drifting into devotion for the 
higher mathematics, to the exclusion of drawing, applied science, 
and mechanical teachings.” 

Judge McArthur says that “ while we have schools for all sorts 
of instruction in mathematics, history, literature, and philosophy in 
abundance, they fit nobody with either knowledge or skill in any 
particular branch of industry.” 

Again, p. 39, Dr. Barnard says: “Students in industrial classes 
should have greater facilities for visiting shops, factories, and 
mines, and for studying their operations, and should be examined 
with reference to their proficiency in applying scientific princi- 
ples to the numerous processes they witness, just as students of 
botany visit fields and forests and study flowers and plants.” 

Again, pp. 105, 106: 

“On the other hand, it is difficult to procure men at any price 
who combine superior skill, comprehensive mechanical know!- 
edge, and general intelligence in such proportions as to make 
them valuable as foremen, managers and specialists in mechan- 
ical pursuits, or in the operating branches of railway service. An 
appreciation of this fact, and the necessity for educating their 
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work-people to an understanding of modern railway machinery, 
appliances and methods, has led a number of managers to seek 
the services of the graduates of technical scliools as assistant fore- 
men, assistant supervisors, assistants to engineers of roadway, 
master mechanics, ete. After some actual experience these young 
men are put in lineof promotion, and inquiry shows that generally 
they stand well in their respective corps, but even after going 
through the shops, such graduates continue more theoretical than 
practical, and this constitutes the great objection to railroads tak- 
lug into service technological school graduates, instead of educat- 
ing their own young men. 

On p. Ll he quotes from Prof. Huxley that “the advance of 
industry in all countries depends on employers being able to tind 
to their hand persons of sufticient knowledge and sufticient flexi- 
bility of mind to be able to turn from the one thing they have 
been doing to something different, according to the nature of the 
improvement that has been made,” and that “ the development of 
industry under its present conditions is almost entirely the result 
of the application of science to the development of mechanical 
processes of complexity, requiring a great deal of attention and 
intelligence to carry them out.” 

Mr. C. D. Jamieson, of the Massachusetts Institute of Technol- 
ogy, in a paper on “ Railroad Eugineering Education,” says: “ In 
the instruction in any branch of engineering the one thing to be 
kept prominently before the student is economy of design and 
construetion. It is not enough to be able to design and construct 
a bridge of a certain length which shall safely hold up a given 
load, or a station that shall aecommodate a given number of pas- 
sengers and trains, but this should be done at the least possible 
cost. In conclusion,” he says, “let me say that the student 
should be so drilled that when he graduates he can have not only 
the diploma of the school, but, what is of more importance to 
him, ean aecept any position in his profession that offers, prove 
himself of use, and therefore a necessity to his employer, and earn 
living for himself.” 

Replying * to Mr. Smith, I think he quite misinterprets the gist 
of the paper. It is not advoeated that the student should be 
expected to becon® a full-tledged mechanical engineer or designer 
in four years, but that a good part of the more abstract mathe- 


matics of the present curriculum might be replaced by such 


~ 
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development of his mechanical intuitions as to make him suffi-, 
ciently far advanced as a designer to be able, at least, to com- 


mence to be one. If it should be necessary for a young man to 


have a thorough knowledge of the calculus, in order to become a 
mechanical engineer of high degree, I believe it much the 
more expedient that he should acquire that in after life rather 
than that his mechanical intuitions should be neglected so greatly 
as I believe is now done. I have no hesitation in taking the 
stand that the most superlative kind of mechanical engineer 
imaginable may exist, without the slighest knowledge of what 
“ quaternions ” mean or consist of; and Lam equally positive that, 
so far as machine designing is concerned, there is so little use for 
analytical geometry and the differential and integral calculus that 
it would be vastly preferable to impart to the student nothing of 
these, or only sufficient of them to permit of his knowing what 
they were, allowing him to perfect himself in them in after life, if 
he found it desirable, rather than to neglect what I have tried to 
describe as his mechanieal intuitions, for which he will have so 
much and such constant use. 

Mr. Smith’s student, who, after having studied plane geometry 
and recited his lessons well, failed to see the similar triangles, 
where the lines were to be imagined as existing in the tail stock of 
a lathe, serves admirably as an example of neglect of his mechan- 
ical intuitions. Shop practice, I believe, should not only be eon- 
tinued, but amplified in our technical schools, for which latter, I 
think there is plenty of room. I think technical schools may “ fit 
young men for positions of usefulness in the department of me- 
chanical engineering,” without expecting to make them full- 
fledged mechanical engineers. 

I cordially join Mr. Smith in saying, “ Let us not denounce the 
technical schools,” because they cannot make mechanical engi- 
neers and designers in the short time of four years; but let us 
improve them if we can. But neither let us, in discussions like 
this, put up men of straw merely to show how easily they may be 
knocked down again ; for certainly there is nothing that can savor 
of denunciation of the technical schools in my paper. Nor will 
we “look upon the graduate with contempt,” because he has not 
learned it all in the same brief period; but le®us make him as 
useful as possible at the end of his school term, without detract- 
ing from, but rather adding to, his ability to reach the highest 
step of the ladder in due time, by giving him less of the abstract 
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type of instruction. We do not want to equip them for astrono- 
mers, and ean better omit certain of that which astronomers must 
have than that which is equally indispensable to them as mechan- 
ical engineers. I have no desire to find fault with the technical 
schools, and will yield to no one in admiration of what they are 
doing for the young men of our country in our profession ; but | 


am under a very decided conviction that they may be improved, 


something on the lines indicated in the paper. 

Gibbon says: “ We have two educations, one from teachers 
and the other we give ourselves;” and what I wish to contend 
for is that the teachers should give us more of those things which 
ve are obliged to buy, beg, borrow, steal, or dig out in some way 
for ourselves ; and which in machine construction constitute the 
main requisites, 
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CCXLVIII 
NOTES FOR DISCUSSION IN RELATION TO THE DE. 
VELOPMENT OF THE COMPOUND ENGINE AND 
THE PROBABLE LIMIT OF STEAM PRESSURE IN 
2. MARINE ENGINES AND BOILERS. 
BY CHAS. E. EMERY, NEW YORK CITY. 


(Member of the Society.) ye 


LSet, years ago, when steam navigation was in its infancy, the 
steam pressure employed in marine engines was as low as five to 
ten pounds; but as boiler construction improved, a rapid increase 
took place to 20 and 25 pounds, until finally a sort of stand-still, 
at a maximum of about 40 pounds, was established for a series 
of years.* This pressure was considered so high that compound 
engines were constructed in which to use it. Some notable 
examples running on the west coast of South America were fa- 
miliar to marine engineers some twenty years ago, and curiously 
enough the reports which came from those engines corresponded 
closely with the reports from modern engines of certainly better 
economy, in that it was claimed that the power was obtained with 
the consumption of one and a half pounds of coal per indicated 
horse-power per hour. Higher pressures were in vogue on inland 
waters almost from the commencement of steam navigation on the 
same, but were introduced much more slowly on sea-going steamers. 
Asimprovements in the mechanical arts progressed, it was found that 
steam boilers could be safely constructed to carry higher pressures, 
and steam machinery for using steam at a pressure of 60 pounds 


* The well-known veteran engineer, Chas. H. Haswell, in response to an in- 
quiry states, ‘‘In 1821, the first year of which I have a clear remembrance of the 
pressure of steam borne by the low-pre-sure boilers of the day, the genera! 
practice was from 10 to 12 pounds, as the form of boiler then, from the 
form of the flues and the absence of bracing, would not admit o: greater pres>- 


‘he Great Western, the second steamer that reached 
here from England, was operated with steam at 3.5 pounds pressure. Her 
boilers, the box flue, would not admit of a greater pressure.” 


ure.” He however adds, 
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and more was made from time to time. Engines of the compound 
type were made at an early date, but did not at first find much 
favor, and it was not until about the year 1870 that this engine 
was what may be called reintroduced and established as the marine 
engine of the future. The initial successes of this period were 
doubtless made by various constructors in Great Britain, the firm 
of Elder & Co. being probably in the lead. Mr. Thomas W. Lay, 
at about the same time, established a certain form of engine of this 
class on the Great Lakes. The writer also, through opportunities 
given as Consulting Engineer of the U. 8. Coast Survey and Reve- 
nue Marine, took an active part in developing the system on the 
smaller government vessels,—and the information thus obtained, 
together with that which could be procured from abroad, was util- 
ized by the U.S. naval officers in designs for compound engines 
for vessels of war. 

Meanwhile, the “doubting Thomases * among marine engineers 
claimed that just as good results could be obtained with single en- 
-gines of long stroke, and a number of vessels were built to prove 
this theory, many of which did very well. The practical work of 
compound engines in’ this country soon, however, had the 

effect of converting the most earnest advocates of expansion 
ina single cylinder. Without mentioning names, it may be 
said that one after another the older engineers succumbed to the 
inevitable, and now the writer does not know of a single one, or a 


single firm, that adheres to former opinions and prejudices. To- 


day there are numbers of ocean steamers, both small and large, run- 
ning with steam pressures as high as 160 pounds to the square 
inch, The steam is used in triple expansion engines, and the ad- 
-vocates of the system claim as great economy in the change from 
double to triple expansion as was originally claimed in that from 
simple engines to the ordinary compound engines. Undoubtedly 
-overstatements are made as great as those formerly made in rela- 
tion to the ordinary compound engine. The results with the latter 
should of course have been compared only with those from engines 
operating with the same steam pressure and under the best condi- 
tions for economy at that pressure: whereas they were frequently 
compared with those from low-pressure engines of obsolete type. 
The performance of the triple compound engines are not only not 
being compared with those of compound engines operating at the 
sume pressure, but comparisons have been made with the results 
obtained with engines which have been allowed to run down, and in 
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cases where the boilers have deteriorated so that the pressure origi- 
nally intended is not maintained. 

With the view of settling various questions of this kind in rela- 
tion to the original compound engine, a series of experiments were 
made in the years 1874 and 1875, under the general direction of 
Chiet-Engineer Charles H. Loring, U. 8S. Navy, representing the 
Navy Department, and the writer, representing the Treasury De- 
partment, with the machinery of various revenue steamers, de- 
signed by the writer, one having a compound engine, another a 


high-pressure condensing engine, another a similar engine with a 


jacket, and another with a low-pressure engine. 

These experiments showed that at the pressure employed, viz. 
70 pounds, the gain due to compounding was only 12 to 15 per 
cent. as compared with using the steam with an equal degree of ex- 
pansion in a single cylinder. Official reports of these experiments 
were made to the Navy and Treasury Departments and the results 
discussed by the writer in several journals, Abstracts of the re- 
ports were also made by various periodicals and embodied in the 
current literature on the subject.* In the discussion, the writer 
stated that the average economy of compound engines was doubt- 
less nearer 25 per cent. than 12 to 15, on account of mechanical 
difficulties incident to keeping in order single engines working at 
a high degree of expansion and the liability of the engineer to 
reduce the steam pressure and follow a little further in the stroke 
to relieve the strains on his joints and all the working parts of the 
engine and save himself work. The same difficulty was experi- 
enced with the first compound engines, and is supposed to be one 
reason why the Elders, in their original engines, set the main 
valves to cut-off with full link at about one-half the stroke on the 
high-pressure cylinder, so that the engineer could only control the 
cut-off with the independent gear within that limit. 

In the above experiments a horse-power was obtained in the 
compound engine of the U. 8. Revenne Steamer Aush for 18.38 
pounds of feed water per hour, the steam pressure being nearly 70 
pounds. Now if the steam supplied to the engine in this case had 
been generated at about 160 pounds pressure, and used to operate 
another piston until its pressure was reduced to that actually used in 


*See articles by the writer on ‘‘Compound and Non-Compound Engines,” 
Transactions American Society Civil Engineers, 1875; Journal Franklin Insti- 
tute, 1875-6 ; Engineering (London), 1875-6; see also D. K. Clark's Hand Book : 
Cotterill, on the Steam Engine, ete. > Tip ‘ 
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the high-pressure cylinder of the 2dwsh, there would, on the basis 
that 80 per cent. of the total feed water was utilized in such first 
expansion, have been obtained about 40 pounds mean pressure, 
and 21.5 per cent. additional work, and the cost of the horse-power 
would have been reduced to 15.15 pounds of feed water per hour, 
which would have required for an evaporation of 8 pounds of water 
per pound of coal Ls pounds of coal per horse-power per hour. 
In average practice, it is believed that the evaporation would fre- 
quently be nearer 7} pounds than 8, which would increase the coal 
consumed to, in round numbers, 2 pounds of coal per indicated 
7 horse-power per hour. 

This indirect method of procedure probably gives about the aver- 
age performance to be expected under actual conditions in modern 
triple expansion engines of moderate size. A better performance 

is claimed and undoubtedly is obtained under experimental condi- 

tions and in the larger ocean steamers. It is thought that further 
gain must be looked for in the performance of the boiler, as it is 
not believed that very much better results than 15 pounds of water 
per indicated horse-power per hour may be expected. 

A clear gain, however, of upward of 20 per cent. is very impor- 
tant, and by the same method of reasoning, it would appear that 
steam of still higher pressure might be expanded in stil! another 
evlinder and used again and again with economy. This corresponds 
with the conclusion from different premises stated in another paper 
presented with this, on the subject of * Cylinder Condensation, and 
the Reduction of the same by the use of the Compound Engine.” * 

On the above basis, the limit of pressure would probably be fixed 
only by the capacity of the materials forming the steam cylinders 
and valve chests to resist the higher tensions and higher tempera- 
tures. It is probable that no material better than cast iron will 
be found for steam-engine cylinders, and this is made sufficiently 
dense to resist hydraulic pressure of several thousand pounds. Dif- 
ficulty is, however, experienced in carrying pressures as high as 
300 pounds with ordinary castings, and if the steam pressure were 
to be increased to or beyond that point more care would be neces- 
sary in selecting and manipulating the metal and molds. 

A steam pressure of upward of 300 pounds was successfully car- 
ried on a small steamer called the Anthracite, which was built in 
Eugland on the so-called Perkins High-Pressure System, and vis- 
ited this country in 1880 to demonstrate that high pressures could 


* Trans. A. 8S. M, E.,Vol. VIL, page 479. 
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be safely and efficiently utilized to furnish motive power on an 
ocean voyage. Her machinery was tested by a board of naval 
officers in New York. With an average steam pressure of 316.5 
pounds expanded 25.7 times in triple expansion engines, there were 
required 21.64 pounds of feed water per hour per indicated horse- 
power. The engines were small, the aggregate indicated horse- 
power developed being but 67.7. Still the cost was quite high, no 
lower, in fact, than has been obtained in exceptional cases with 
good condensing engines, and about what ought to have been ex- 
pected with an ordinary compound engine using a steam pressure 
no higher than 80 pounds. The same engine, tested in England by 
Mr. Bramwell, furnished a horse-power for 17.8 pounds feed water 
per hour, the water level being then carried lower, so that the steam 
was superheated considerably. The superheating of the steam at 
these high pressures is not desirable in practical work on account 
of difticulty with the packings and lubricant. In the Dixwell ex- 
periments in Boston with superheated steam, it was considered 
that 450 degrees was the highest temperature which should be per- 
mitted, Proper precautions would indicate that even this temper- 
ature should not be allowed in sea-going engines involving so 
many responsibilities. The temperature of steam of 300 pounds 
pressure is about 420 degrees, which, in the opinion of the writer, 
is as high as can be carried satisfactorily in average practice either 
on sea or land. It seems certain that the highest steam pressure 
admissible would be limited by the temperature rather than by 
other conditions. In some of the marine engines using steam at 
160 pounds pressure, it is found that there is a sufficient precipita- 
tion of water to permit the use of oil to be dispensed with after 
the engines are fairly started from port. The temperature due to 
this pressure is but about 370 degrees. In the Anthracite, designed 
for a higher pressure, with some superheating, all the packings 
were made of a metal adapted to obviate the necessity of using 
oil, and it is believed that, if the steam be kept dry so as to secure 
economy, a pressure even of 300 pounds will not be carried in 
practice without the use of some device of this character; and as 
any specialty always acts to limit general application, a less press- 
ure will probably be generally adopted. 

It is considered by the writer, that the proper limit of pressure 
has already been reached, if not exceeded, for the type of boiler 
used in large ocean steamers. Cylindrical boiler shells 12 feet 
and upward in diameter, and 1{ to 1} inches thick, are not recom- 
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mended, although used in practice. To limit the thickness even 
to the figures named, it is necessary to use steel; and to procure 
even this of sufficient tensile strength, it is necessary, for such 
heavy plates, to use steel comparatively high in carbon, which is 
treacherous under ordinary manipulation, Not a plate of it should 
be used without annealing after every mechanical operation per- 
formed upon it. In fact, the whole boiler ought to be annealed 
after the plates have been riveted together, in order to overcome 
the injurious effects due to local strains produced in working it, 
but this is impracticable. Of course, boilers are made as heavy 
as this and but few fail, but the business cannot be considered on 
a safe and reliable basis so long as any fail. 

As these are notes for discussion, it is considered well to state as 
an opinion that, since so many manufacturers have gone into the 
steel business, steel can no longer be considered in a commercial 
sense better than iron. The element of competition brings out 
steel which is altogether unfitted for boiler plates. Some boiler- 
makers recommend their customers not to use steel, and it is only 
when it is carefully inspected to ascertain its quality before being 
made up, and also carefully inspected while the boiler is being con- 
structed, that the steel boiler can be relied upon. It is so much 
more homogeneous and in every way desirable when the material 
is right that there is no danger of every one going back to iron; at 
the same time, the steel industry is bound to have its ups and 
downs on account of the improper material furnished by many of 
the manufacturers. The new ones are not entirely to blame, as 
some of the older ones send out inferior material under the spur 
of competition, It may be proper to say that no steel should be 
used for bvilers, unless it be properly inspected or furnished by a 
firm which is known to keep up its reputation and to send out 
nothing but what is suitable for the purpose. 

The type of boiler used in most modern men-of-war is of the 
locomotive type, and has a smaller shell than the ordinary mer- 
chant marine boiler, and hence plates of proper thickness can be 
obtained without using steel so high in carbon. It would seem 
better to retain for these boilers the sizes now in vogue, rather 
than make larger ones requiring thicker platés, and also to retain 


substantially the thicknesses now in vogue, rather than to carry — 


higher pressures requiring plates so much thicker as to necessitate 
the use of steel unusually high in carbon. 


It is the opinion of the writer that boilers to carry the high — 
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pressures under consideration should be entirely without shells, 
except those of necessary separating drums with comparatively 
small diameters. On this system there will be no difficulty in car- 
rying pressures as high as 400 or 500 pounds or more, if the ditti- 
culties referred to in the way of lubrication, ete., for cylinders 
could be overcome to permit them. Sectional boilers are so well 
worked out for use on land, and there has been such measure of 
success even in sea-going vessels, that it seems safe to conclude that 
the use of higher steam pressures need not be limited by difticul- 
ties in the construction of the boiler. 

There is no reason why pressures as high as those in use on the 
Western rivers, ¢¢z., from 180 as high as 200 pounds, should not be 
adopted in general practice to secure economy of fuel, and the con- 
siderations above expressed in relation to the lubrication, ete., in- 
dicate that the pressure may be increased to, or nearly to, 3800 pounds, 
when commercial and economical considerations demand such a 
pressure. It is probable that for pressures exceeding 200 pounds, 
quadruple expansion engines should be used. The experiments 
with the Anthracite appear to sustain such an opinion. The 
writer has not seen a record of actual experiments, giving quantita- 
tive results with triple expansion engines other than those of the 
Anthracite, though much information of a comparative nature is 
available which is subject to the objections tirst above indicated.* 


[Note.— This paper was presented and discussed in connection with No. CCX LIX 
(CYLINDER CONDENSATION AND ITS REDUCTION BY THE COMPOUND ENGINE), 
which follows it. The Discussion is at the end of the litter paper.) 


* In response to a request, Mr. R. H. Buel, M. E., who keeps up his index 
rerum, calls attention to reports of the trial of the Anthracite, published in the 
Journal of the Franklin Institute, February, 1881, page 81; March, 1881, page 161; 
October, 1881, page 260. The data given in the text were taken directly from the 
Government report. Reference is also made to Engineering, February 29, 1884, 
page 185, where are published some indicator diagrams from triple expansion 
engines of the IJsle of Dursey, and the daily coal consumption. These data 
would appear to indicate lower consumption than calculated in the text, but 
this is the case with all such data from ocean steamers, as the single set of indi- 
cator diagrams taken daily do not represent the average performance for the 
entire day. Reference is also given to da#a in regard to triple expansion 
engines in Engineering, February 27, 1885, page 224, and this refers back to 
page 173, same volume, where is given a complete list, with principal dimensions, 
of triple expansion engines constructed prior to January 7th, 1885. 
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CCXLIX, 


NOTES FOR DISCUSSION ON CYLINDER CONDENSA- 
TION AND THE REDUCTION OF THE SAME BY THE 
USE OF THE COMPOUND ENGINE. 


BY CHAS. E. EMERY, NEW YORK CITY. 


(Member of the Society.) 


Ix connection with the paper submitted herewith on “The De- 
velopment of the Compound Engine and the Probable Limit of— 
Steam Pressure in Marine Engines and Boilers,” * the question will 
naturally be asked by those who have not particularly investigated | 
the subject, why is it necessary to use the steam in a compound en- 
gine with a number of cylinders rather than in engines with single 
cylinders, the joint capacity of which, as is easily shown, need only 
equal the capacity of the low-pressure cylinder or cylinders of the 
compound engine? The reason of this was pointed out by the 
writer in the American Artizan of March 15th, 1871, and the sub- 
ject of “ Cylinder Condensation ” was considered in an essay which 
was embodied as a preface to the descriptive matter of U.S. Patent 
No. 70,707, dated Nov. 12th, 1867, on the subject of the use of 
non-conducting linings in steam cylinders. 

It has been thought that at this time a brief account of the ex- 
periences and considerations which led to the writing of the articles: 


referred to will be interesting to many, and perhaps excite discus- 
sion and draw out much useful information on several important 
details of the subject. 


the U. 8. Navy, was engaged in New York in making experiments 
under the general direction of Horatio Allen, Esq., and B. F._ 
Isherwood, Engineer-in-Chief, U. 8. N., designed to show whether 
or not there was any considerable gain in the expansion of steam— 


The writer, from 1863 to 1869, then an Assistant Engineer in- 


the first-named gentleman being an earnest advocate of expansion, 
aud the one last named claiming that it had a very limited value. 
As is well known, Mr. Isherwood had, previous to that time, ear- 
nestly described in his writings the very considerable condensation 


Trans, A. S. M. E., Vol. VIII., page 472. 
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of steam which takes place in a steam cylinder, and in a compara- 
tively recent article in the Journal of the Franklin Institute, he 
claims to have been the first to call attention to that subject. With- 
out disputing this claim, and at the same time acknowledging with 
gratitude valuable suggestions from him as to the proper direction 
of study, the writer desires to claim to have been the first to show 
that all of the cylinder condensation, independent of that due to 
the transmutation of heat into work, is fully accounted for by the 
heating and cooling of the metal walls of the cylinder. Mr. Isher- 
wood clearly referred to such heating and cooling, but in an elab- 
orate discussion went on to show that that cause alone would be 
insutticient, and he accounted for the greater part of the condensa- 
tion on the supposition that during free expansion there is a loss of 
“ expansion 
per se,” independent of the heat transmuted into the work done.* 
This supposed loss the writer never could understand and never 
expects to. As the total heat of steam at a high pressure is a little 
greater than at a lower, the free expansion of steam without doing 


heat and consequent condensation due to what he terms 


work should result in superheating and not condensation, and the 


only heat which can be extracted during the performance of work is 


that due to such work at the rate of 772 foot pounds per British 
thermal unit. The maximum work possible is proportioned to 
the absolute pressure, and therefore the heat abstracted in the per- 
formance of the work is simply a function of such pressure, so that 
the ordinates of the adiabatic curve of expansion, or that in which 


* Extract from Mr, Isherwood’s Experimental Researches in Steam Engineer- 
ing, Vol. I., p. 131, published in 1863 : 

**When steam is used without expansion, the condensation in thé cylinder, ex- 
clusive of that which is due to the production of the power, probably does not 
exceed one or two per centum, but when it is used very expansively, the con- 
densation, in excess of re-evaporation, rises to the enormous proportion of 80 and 
40 per centum of the steam evaporated in the boiler, and, of course, when the 
re-evaporation, which in any case must be something, is added, these figures 
will be increased, Most of this condensation, however, I believe to be due to the 
expansion per se, particularly with moderate degrees of expansion, and not to the 
effect of re-evaporation, which becomes great only with large measures of ex- 
pansion.” 

Extract from page xxviii of the Preface to Vol. II. of the above work, pub- 
lished in 1865: 

‘“The quantities in Column C are the per centum of the total heat which 
enters the cylinder in the steam medium of that annihilated in the production of 
mechanical power; there is additionally a quantity of heat annihilated by the 
expansion per se of the steam when itis used expansively in the production of 
internal work on the molecules of the steam.” 


= 


wi 
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the loss of heat due to the performance of work is considered, de- 
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crease more rapidly than in the inverse ratio of the volume, accord- 
ing to Mariotte’s Law. Rankine states that the decrease of press- 
ure is proportioned to the minus ten-ninths power of the volume. 
The actual curve of expansion of steam engines varies somewhat 
from this, according to differences in condition, but this general 
method accounts perfectly for the heat transmuted into work, 
This heat is derived partly from surplus sensible heat due to steam 
of a high pressure expanding to a lower, and the deficiency is sup- 
plied by a slight condensation of the steam; and there is no possi- 
bility of any further loss due to the “expansion per se” of the 
steam itself. To settle this and other questions, the writer, in the 
year 1867, constructed two small cylinders or chambers without 
pistons, one of glass and the other of iron, of exactly equal capaci- 
ties and carefully felted, each of which could in turn be connected 
with a valve operated regularly by an engine to admit steam from 
a boiler to the cylinder, and permit its exhaust to a condensing 
coil. The exhaust opened slowly at first and rapidly afterwards, so 
that the pressure in the cylinder would approximate that in an or- 
dinary steam cylinder. The result was, that the condensed steam 
from the iron cylinder was in nearly every instance fully double 
that from the glass cylinder. In this case there was no possible 
change in condition except that due to the material of which the 
metal walls were composed; whence the writer concluded that the 
losses from cylinder condensation found in practice could be at- 
tributed entirely to the heating and cooling of the metal walls, and 
that the “expansion per se” theory of Mr. Isherwood was un- 
necessary 

Mr. Isherwood considered that when condensation took place in 
the mass of the steam, the water would be suspended in the form 
of a cloud, and would not be affected by the temperature of the 
metal surfaces. This the writer explained in 1867,—(see prelim- 
inary remarks in Letters Patent No. 70,707 +),—by reference to Tyn- 
dall’s experiments, who points out in //eat as Mode of Motion, 
that the amount of moisture ordinarily contained in the atmos- 
phere has seventy times the absorptive effect, in relation to latent 
heat, of dry air. Steam chilled by the performance of work or by 
reheating metal walls previously cooled during the exhaust stroke 
contains minute particles of water with a great capacity for heat, 


* Trans. A. 8. M. E., Vol. VIL, p. 375, No. 204—8, Top. Disc. 
+ And page 499 of Discussion of this paper. 
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and almost instantaneously absorbs that necessary for their re-evap- 
oration from the surrounding walls, and this action is at a maximum 
when the exhaust takes place, when all the heat absorbed is car- 
ried to waste. Upon the above basis the writer in an article in the 
American Artizan of March 15th, 1871, explained the gain found 
in a compound engine on the basis that the quantity of heat which 
will be transferred from a radiator to an absorbent would vary as 
the square of the difference in temperature (the conditions being 
practically the same as those of force performing mechanical work 
in overcoming resistance), If, therefore, the metal wall of a cylin- 
der, originally heated to a temperature of 320 degrees by live 
steam, were during the exhaust subjected to a temperature of only 
140 degrees, the same metal surfaces would be exposed to a differ- 
ence of temperature of 180 degrees; whereas, if the cylinders were 
so arranged that the work was done in two eylinders instead of 
one, with 90 degrees difference of temperature in each, the con- 
densation per unit of surface in the compound cylinders would be, 
say unity, or, considering the increase of surface, say in effect twice 
unity, or two; whereas the rates of condensation in the single 
cylinder would be at the rate of two squared, or four. In other 
words, the double cylinder would save one-half the condensation. 


Now, as in practice about one-half of the total quantity of steam 


used is condensed in the cylinder at high degrees of expan- 
sion, the amount saved would be about one-half of this, or say 
25 per cent. This rough explanation made at that time approxi- 
mates the fact. On the same basis, there should be greater saving 
by dividing the difference of temperature into three or more 
parts, but the complication resulting from the multiplication of 
steam cylinders and their connections is not in practice warranted, 
without raising the steam pressure. The later developments are in 
the way of permitting the low-pressure engine and intermediate 
cylinder of a triple compound engine to do about the same work 
as the two cylinders of the ordinary compound engine did formerly ; 
then to add a third cylinder to be supplied with steam at a higher 
pressure, to be expanded down to substantially that formerly used 
in the high-pressure cylinder of a double-expansion engine, which 
now corresponds to the intermediate cylinder of the double-expan- 
sion engine. Steam which has been reduced from a higher to a 
lower pressure by expansion is just as valuable for all purposes as 
if such lower pressure were obtained from a boiler direct. We say 
the steam is equally valuable. This does not include the water 
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due to the expansion and to internal refrigeration. This should be 
removed or re-evaporated, by a system of steam-jackets, or the full 
benetit of the high pressure and expansion cannot be obtained. 
On the same basis of reasoning, evidently steam of still higher 


. 


pressure could be expanded in a still smaller cylinder, and the 


steam from this supplied to the small cylinder of the triple expan- 
sion engine, and in this way quadruple and, by repeating the oper-— 


ation, quintuple expansion engines might be formed did not 
practical considerations interfere, This branch of the subject is 
discussed in the accompanying paper first above referred to. 


iio 


-DISCUSSION.* 
Mr. Chas. T. Porter.—Disregarding at present the condensa- 
tion of steam, as it enters the cylinder, we find the economy of 
an engine to be shown by the proportion that the mean effective 
pressure bears to the terminal pressure in the cylinder. The for- 
mer represents the work done, the latter the steam consumed. 
If in a non-condensing engine, admitting steam full stroke, 
an absolute pressure of 20 pounds is maintained, and a back 


pressure is suffered of 19 pounds, or 4.3 pounds above the | 


atmosphere, then only one-twentieth of the steam is utilized. This— 
may, perhaps, be taken as the most wasteful use of steam, though - 
T have met with worse cases. It will form a good datum line—a 
sort of sea level—to measure our elevations from. 

If in a similar engine an absolute pressure of 30 pounds is_ 
maintained, and a back pressure is suffered of 15 pounds or .3 of - 
a pound above the atmosphere, then one-half of the steam is 
utilized. We have now an immense advance in economy. 
same weight of steam does 10 times the work it did in the former — 
ease. 


as the first one. Now nine-tenths of the steam is utilized. The = 
same weight of steam does 18 times the work it did in the first | 

case. This would not be very bad practice. Probably a majority 
of non-condensing engines run with less economy than this. 


- — 


*Jointly with the paper by same author on the DEVELOPMENT OF THE COM- 
POUND ENGINE, AND THE LIMIT OF STEAM PRESSURE IN MARINE ENGINES AN 
BOILERS (No, CCXLVIILI.) which precedes. 


| | 
of 150 pounds, and the same back pressure of 15 pounds is / 
suffered, we have a second advance in economy, almost as great . 
7 
. 


Now let us cut off our 150 pounds at } of the stroke. The 
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terminal pressure is 37.5 pounds, so we are using only } as much 
steam as before. The mean effective pressure has fallen, how- 
ever, only to 74.5 pounds, and so to twice the terminal pressure. 
The same steam now does twice the work it did without expan- 
sion, or 36 times the work done in the first case. 

The gain made by employing high pressures is very great, 
especially when working expansively. This will appear by com- 
paring with the above the inferior results got by cutting off at the 
same point, | of the stroke, with } of the above pressure, or 75 
pounds absolute. 

The terminal pressure is now 18.75 pounds. The mean effective 
pressure is 30 pounds, or only 1.6 times the terminal pressure. 
28.8 times as much work is now done by the same weight of steam 
as was done in the first case, instead of 36 times as much. ‘The 
gain in this class of engines from using high pressure is due to the 
fact that a smaller proportion of the total pressure is wasted in 
overcoming the resistance of the atmosphere. 

In non-condensing engines, with ordinary pressures, there is 
no gain made in economy by cutting off earlier than } of the 
stroke. In this class of engines we are absolutely limited to 
three expansions. If we cut off earlier than this, we merely re- 
duce the power, and so the value of our engine, with a loss instead 
of gain in economy. 

It is true that if the pressure be raised, as from 60 pounds to 
100 pounds, and so the steam be cut off earlier to do the same 
work, the consumption will be reduced. This is owing to the 
higher pressure. If a smaller engine be substituted, in which 
this higher pressure must follow to } of the stroke, in order to do 
the same work, a still further gain in economy will be made. 

The following tables show the relation of the mean effective to 
the terminal pressure, and so the gain by expansion on the theo- 
retical assamptions of no back pressure above the atmosphere, 
no waste room, and no condensation of the entering steam, under 
the two pressures, and for the several points of cut-off taken. 
The computations are made in the most simple manner, without 
regarding the effects of the conversion of heat into work, or of 
the fall of temperature during expansion. It is desired that noth- 
ing shall call attention away from the single relation which is 
presented. 


THE COMPOUND 


ABSOLUTE PRESSURE, 90 LBS. 


Point of Terminal Mean Effective Ratio of For- Increase in 
Cut-of, Pressure. Pre-sure. mer to Latter. Ratio. 


2 stroke. 5 3. 1 to 1.366 
124 

060 

019 

02) 


ABSOLUTE 


2 stroke, RO lbs. 
53.33 
40 
32 
26.66 
22.86 


The above tables show the possible gains from expansion in 
non-condensing engines under these theoretical conditions. It is 
obvious that the unavoidable losses from early release, incom 
plete exhaust, waste room, and cylinder condensation are sutti- 
cient to change into positive losses the small apparent gains from 
expanding below } of the initial pressure with 90 pounds, or 
with 160 pounds absolute pressure. 

In this class of engines, when expansion is effected by the- 
method of compounding, the limit of economic gain is reached 
still earlier. Here there is probably,no advantage to be derived 
from more than two expansions, or expanding below one-third the 
initial pressure. The reason for this earlier limit is, the loss of 
pressure which is suffered when the steam is transferred from the | 
high-pressure to the low-pressure cylinder. This loss is not com- = 
pensated, except in a slight degree, by diminished condensation. | 
The condensation in a given time varies in two ways—first, as the 
difference between fhe alternate temperatures to which the sur- 
faces are exposed (not as the square of this difference, as errone- 
ously stated in the paper under discussion), and second, as the — 
area of the condensing surfaces. 

32 
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TAR] 
TABLE 2. 
MEE PRESSURE, 160 LBs. 
1 120.5 Ibs. 1 to 1.5 
96.75 1 1.814 314 
1- 80.74 1 “ 2.018 204 
14 68.820 1 3.15 ¥ 
1- 9.76% 1“ 2.241 O91 
1- 1 2.303 | 062 
1. 46.88 1 2.344 | 041 
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Now the aggregate area of condensing surface in the two cylin- 
ders of a compound engine is greater than that in a single eylin- 
der of the same power. The reduction in the loss from conden- 
sation which is made in the former is caused by the fact that all 
the internal surfaces of the two cylinders are not exposed to the 
highest and the lowest temperature. Suppose the alternate 
changes of temperature to be, as they are approximately in prac- 


tice, divided equally between the two cylinders, one-half in each. 
Then if the aggregate condensing surfaces in the two cylinders 
were only equal to that in the one eylinder, one-half of the loss 
from condensation would be avoided, for with the same area of 
surface, each square inch would be exposed to only one-half the 
changes of temperature. If the compound cylinders presented 

twice the surface of the single cylinder, we would have no saving 

of condensation, for twice as many square inches would be 
exposed, each to one-half the differences of temperature. In 
practice, the surfaces of the compound cylinders are greater, but 
not twice as great, as those of the corresponding single cylinder, 
so there is a small, but only a small gain in this way. 

The loss of pressure between the two cylinders renders com- 
pounding in this class of engines a rnde mode of expansion, even 
within the narrow limits mentioned, and one which ought not to 
be used where it is practicable to cut off in a single cylinder. The — 
large class of engines, as steam pumps, in which the steam must 
follow full stroke, affords the only legitimate field for compound- 
ing against the atmosphere, the resistance of which is exerted 
against the area of the larger piston. 

It seems important that a protest should be made here against 
the absurd practice of compounding non-condensing engines, in 
which the steam can be expanded in one cylinder. 

Condensing engines, when compounded with steam-jacketed 
cylinders, show a large gain in economy. The paper under dis- 
cussion attributes all this gain to the avoidance of cylinder con- 
densation, on the erroneous assumption that the condensation 
varies as the square of the difference between the temperatures 
of the live and the exhaust steam, and it says nothing at all about 
the additional work which is done by the steam when further ex- 
panded in the second, or in the second and third cylinders. 

Now the fact is obvious, that this additional work is very great. 
While the pressure is low on these late expansions, the piston 
area is so much greater, that in triple expansion engines the last 
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cylinder does the most work. This additional work accounts for 
the gain in economy several times over, showing that this gain 
must be in a large degree neutralized by losses of some kind. 

It is worth while to exhibit this clearly. Let us suppose a 
theoretical case of 160 pounds pressure expanded 64 times, or to 2.5 
pounds pressure, in three cylinders, and without loss in transmis- 
sion from one cylinder to the next one, and thence to be exhausted 
into a condenser, in which a perfect vacuum is maintained—as 
compared with the same volume of steam, of the same pres- 
sure, exhausted into the same perfect vacuum, without any 
expansion, 


In the last case we have > 


160 x1= 160 
‘In the first case, cutting off at | stroke in each 
evlinder, we have 
(1) 16" x 2.386=95—40=55 » 4= 220 
4! x 2.386=23.86—10=13.86 x 16= 220 


(B.) x 2.386 =5.96 « 64 380 


Total, &20 


The final multipliers, 1, 4, 16, 64, are the product of the cylin-— 
der areas into the distances through which the pressure acts. 
The last cylinder, though having only 5.96 pounds mean pressure, 
is by far the most efficient, the area being 16 times that of the 
first one, and there being no back pressure to be deducted. 

The gain by expansion is more than fourfold. Of course, — 
these theoretical conditions cannot be realized. But let us see— 
how large the margin is for practical drawbacks. 

For this purpose we will compare this supposed case with one 
of 90 pounds pressure, cut off at | stroke and expanded against 
the atmosphere. In that case we have already seen the theoreti- 
cal gain from expansion to be 73.3 per cent. Here the theoretical 
gain is 412 per cent., or 5.62 times as much. : 

Now the former is a familiar case. It is well known that in 
ordinary good practice, with common losses from early release, 
incomplete exhaust, waste room and condensation in unjacketed 
cvlinders, a horse-power is got in this way by the evaporation of 
25 pounds of water per hour. Here, therefore, we have a good 
basis for comparison, and on that basis the consumption of water 
in the three-eylinder system should be 25+5.62, or less than 43 
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pounds of water per horse per hour. The paper does not claim a 
consumpticen to have been reached so low as three times this, or 
13} pounds. 

But even supposing the expansion to have been carried down 
only to 10 pounds, or 16 fold, and the steam to have been ex- 
hausted from the second eylinder into the condenser against 2 
pounds pressure, which is ordinary practice, then the gain from 
the 16 expansions should be 255 per cent., or 3.4 times as much 
as in the non-condensing engine. ‘This would call for a cousump- 
tion of only 7.3 pounds of water per horse per hour, or one-half 
the amount evaporated in practice. So it is obvious that the gain 
effected in compound engines is obtained wholly by the increased 
number of expansions, in spite of largely increased losses, due 
partly to loss of pressure between the cylinders and partly to in- 
creased condensation. 

A few words on the assertion contained in the paper that the 
condensation of the steam, as it enters the cylinder, varies in 
amount according to the square of the difference between its tem- 
perature and that of the exhaust to which the surfaces had just 
been exposed. That proposition will not stand up very long to 
be looked squarely in the face. 

It means that if this ditlerence is 100 degrees, the condensation 
is 10,000 times greater than if it is one degree, or that, if in the 
latter case ;)) of one per cent. of the steam is condensed, then, 
in the former case, it is all condensed, and must be replaced, so 
that the indicator can account for only 50 per cent. of the water 
evaporated. With the difference named in the paper, of 180, 
the condensation would be 32,400 times as great as it is for a dif- 


ference of 1’. Common experience, in the large gain in economy, 


always made by using higher pressures involving greater differ- 
ences of temperature, and by attaching condensers to non-con- 
densing engines, which involves still greater differences, proves 
that no such ratio can exist. If it did, or anything like it, the 
result would be loss instead of gain, in all these cases. 

Mr. Geo. H. Barrus.—t have little to say in regard to the effect 
of compounding upon cylinder condensation, but I would call at- 
tention to the matter of the free expansion of steam without doing 
work, and relate a somewhat remarkable experience which has 
come to me, and one which those who do not believe in conden- 
sation due to free expansion may, perhaps, find it hard to explain. 
I am myself an unbeliever in this cause of condensation, and | 
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take this opportunity in the hope that discussion may make the 
question less obscure. 

In 1877 I had the good fortune to conduct in Boston the Dixwell 
experiments on superheated steam. Some of the results of two of 
these experiments are given in the accompanying table. The two 
experiments referred to are those numbered 1 and 3. They are 


two of a series made under the direction of a board of naval en- 
gineers, of which one of our members, Chief Engineer Loring, was 
chairman. 

In the first experiment, which was made at a cut-off of 45.9 per 


cent., the steam left the superheater at a temperature of 490°, and 


it entered the steam-chest at 441°. Arriving in the cylinder, the 
temperature fell to, 306°, and in the exhaust pipe close to the 
cylinder to 210°. 

In the third experiment, which was made at a cut-off of 67,2 
per cent., the steam left the superheater at a temperature of 425°, 
and entered the steam-chest at 406°. Here the temperature in 
the cylinder fell to 305°, and in the exhaust pipe to 212°. 

One of the objects of the Dixwell experiments was to show that 
in the use of superheated steam there was a great loss of temper- 
ature where the steam entered the cylinder, due to the causes 


which operate in producing cylinder condensation. In the dis- 
cussion of the results of the experiments the question arose— 
whether it might not be claimed that the loss of temperature 

could not be explained solely on the ground of the radiation of | 
heat, which takes place from the outside of the cylinder. It was 
thought that if the same quantity of steam were passed through 
the cylinder in a given time which was consumed on these experi- 


ments, but instead of running the engine, keeping it at rest, there 
would be no cooling effects except radiation, and the question which ~y 
was raised would ‘in this way be settled in a most satisfactory 
manner. Accordingly, the two experiments referred to were sup- 
plemented by two further experiments made with the engine at . 
rest, the four valves wide open, and the throttle-valve adjusted so _ 


as to pass the same quantity of steam through the cylinder in a 
given time, as was used when the engine was running. The re- 
sults of these tests were given in lines 2 and 4 of the table. The 
last column gives the total heat of the steam discharged to the 
condenser, this serving at the same time as a calorimeter. 

These tests show that with the shorter cut-off, the running of the 
engine caused the temperature at the throttle-valve to be reduced 
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8°, that in the cylinder 71°, and that in the exhaust pipe 148°, and 
there was a similar though not so marked an effect in the case of 
the test with the longer cut-off. 

There is much here that is worthy of study, but I would direct 
attention only to the matter of the difference in temperature be- 
tween the cylinder and the exhaust pipe in the cases where the 
engine was in operation. There is a difference of 96° in one case 
and 93° in the other case, while only 19° and 18’, respectively, 
occurred when the engine was not running. I ean understand that 
the cooling action which produces cylinder condensation was the 
cause of the large amount of cooling which took place on the en- 
trance of the steam to the cylinder—135° in one, and 119° in the— 
other—but I cannot account for the large amaunt of cooling which 
took place when the steam left the cylinder, unless the free ex- 
pansion into the exhaust pipe produced it. 


Temperatures of the Sn- 
perheated Steam. Deg. F. 


Lbs. 
Lbs. 


Lbs. 


at Cut-off 
Lbs. 


Zero 


sure 


Zero. 


Condition of the En- 
Atmosphere. 
Pressure at Rele 
Mean Effective Pres- 
sumed per Hour. 
Lbs 
Pyrometer 


above 


> 
= 
= 
<= 


Total Heat of Steam 
above 0 Fahr 


Boiler Pressure above 
Initial Pressure above 


Exhaust Pipe 


“Weight of Steam Con- 


Throttle Valve. 


— 

1 Running. 50.0 66.6 58.826.0 .439 33.5 0.6 392.1. 490 

2Not “ | 409.4, 490 


Reduction of Temperature or Heat due to Running Engine. Sas 


3 Running. -2 | 66.9 61.129.7 .672 43.7 


Reduction of Temperature or Heat due to Running Engine. | Orr 


_ Mr. Geo. H. Babcock.—There is no more promising line of 
inquiry for securing increased economy in steam-engines than the. 
prevention of internal condensation. All the superior economy 
of the compound and triple expansion type of engines seems to 
be based upon their effect in reducing the severe loss from this 
cause. In fact, all other sources of loss are apparently enlianced 
inthe compound type, such as larger clearances, more external 
surface for radiation, extra friction due to increased number of 
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working parts, and multiplied possibilities of leakage. Still, not- 
withstanding these apparent disadvantages of the multiple cylinder 
engines, there is no question but that they do secure a supertor 
economy over the single cylinder carrying expansion to the same 
extent. The reason of this has come to be pretty well understood 
to be the less internal condensation, owing to the less differences 
in temperature, and also to the fact that the re-evaporation in the 
high-pressure cylinders becomes available steam for use in the 
eylinders to which it is transferred. But I am inclined to think 
Mr. Emery is mistaken in supposing that the internal condensa- 
tion is in the ratio of the squares of the differences in temperature, 
for the reason that the conductivity of iron does not increase with 
the temperature, but decreases. According to Forbes’ experi- 
ments, it would seem that the conductivity of iron at the tempera- 
ture of 300° is more than seven per cent. less than at 212. The 
number of heat-units therefore absorbed by a given weight of 
metal in a given time will not increase at a greater ratio than the 
increase of temperature, but probably at a lesser ratio. 

Though the fact of condensation in the cylinder was not un- 
known to engineers, and its action at each stroke was recognized 
and described as long ago as 1855, by D. K. Clark, in his Rai/iway 
Machinery, vet Mr. Emery was undoubtedly the first to suggest as 
a remedy a non-conducting lining to the cylinder. Could such a 
lining of glass or porcelain as proposed by him in 1862 be made 
to stand the action of the steam as well as the wear and coneus- 
sion to which it would be exposed in use, it would probably reduce 
the losses from this cause to a minimum, and—what at first seems 
like an Hibernianism—the more economical the engine the greater 
would be the saving. It is also evident that, could the internal 


condensation be entirely suppressed, there would no louger be any 
use for the compound form of engine, as the single cylinder would 


be the most economical. The problem is, however, more difficult 
than at first it would seem, The lining must not only be a non- 
conductor, but must withstand the temperature and dissolving 
action of the steam, and must not have such a different co-efticient 
of expansion as to cause it to erack and come off under the 
extreme temperatures to which it is exposed, and must be capable 
of being so firmly attached to the metal as to allow no entrance 
of steam between, as it is evident that a mere covering which 
would allow the steam to come between it and the metal would 
magnify, rather than decrease, the losses. 


— 
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Various attempts have been made to prevent internal conden- 
sation by maintaining the temperature of the metal as high as 
that of the steam. Steam jackets have been extensively used with 
some beneficial results, which have increased as the temperature 
of the steam in the jacket has exceeded that in the cylinder. 
Smoke jackets have also been used in which the products of com- 
bustion were admitted. Apparently valuable results were obtained 
by Sir Daniel Gooch, in locomotive cylinders, in this way, in 
1850. Another method of accomplishing the same result has been 
to superheat the steam itself, so that it may give up suflicient 
heat to keep the metal up to the temperature of saturated steam 
of the initial pressure, without itself being cooled below the 
same point. This plan has succeeded well so far as lessening 
condensation is concerned, but it has always been found that, 
when the temperature was high enough to prevent condensation, 
lubrication was practically destroyed. Dixwell found that, by 
superheating so as to maintain in the cylinder a temperature of 
400° with steam ata pressure of 70 lbs., the condensation could 
be reduced to a minimum, but it was found to be impracticable to 
maintain the superheating at this degree, because every variation 
in the cut-off required a corresponding variation in the initial 
superheating. This temperature he found to be the limit of pos- 
sible lubrication. With a higher pressure that degree of super- 
heating would not afford sufficient additional heat for the purpose. 
The present tendency to high pressures seems, therefore, to pre- 
clude the possibility of much gain through superheating, because 
the temperatures are already carried to very nearly the limit at 
which lubrication can be maintained. 

The depth to which the surface is affected by the alternate 
heating and cooling action is very slight—much less than is usually 
supposed. Let us assume that we have a cylinder of usual pro- 
portions in marine engines, diameter not essential, but with 4- 
feet stroke, using steam at 75 Ibs. pressure, and also assume that 
the condensation is as great as 50 per cent. of all the steam 
used when cutting off at 4, or, in other words, equal to the 
steam required to fill the cylinder at the point of cut-off, which 
would be 6 inches. Let us see how thick a film of metal will be 
required to be heated to absorb the latent heat of the steam so 
condensed. Neglecting the sides, we have for each square foot of 
area of the piston, and an equal area of head, } a cubic foot of 
steam to be condensed, or } of a cubic foot per square foot of sur- 
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face. Steam at this pressure weighs .209 pounds to the cubic 
foot, making .052 pounds of steam to be condensed for each 
square foot of metal. As there is no loss of pressure, the pres- 
sure being kept up by the admission of more steam from the 
boiler, each pound will lose 888 heat-units, and .052 pounds 46 
heat-units. Assume, also, that the metal at the beginning was at 
the temperature of the condenser, 120°, and that it is heated to 
the temperature of the steam, 320°, a difference of 200°. The 46 
heat-units will heat .023 pounds of water 200°. The specitic heat 
of iron being .114, the same quantity of heat would elevate the 
temperature of .2 pounds of iron the same number of degrees, 
and when we spread this .2 pounds over a square foot of surface 
it makes a film of only .05 of an inch in thickness. But it is at 
the surface only that the temperature will be 320°, while each 
parallel plane will be less, decreasing until we arrive at a plane of 
constant temperature, which we have assumed to be at the tem- 
perature of the condenser. The depth of this plane of constant 
temperature is easily found by means of the curve of diffusion. 
Let the diagram Fig. 161 represent a section of surface, the hori- 
zontal seale being degrees of temperature, and the vertical the 
actual scale of depth. The shaded portion between 120° and 320 
shows the distribution of the fluctuating heat. For heat to pene- 


| 


Fig. 161. 


trate this distance in iron requires a little more than } of a 
second, which would, under the conditions assumed, represent 
about 40 revolutions of the engine per minute. Increasing the 
speed will decrease the depth to which the heat will penetrate, 
and consequently the amount of condensation, but only in the 
ratio of the square root of the speed. Thus, to decrease the 
condensation one-half will require four times the speed, or 160 
revolutions per minute. It is evident, therefore, that at any 
available speed the condensation would still be great at short eut- 
offs, and that no great saving in this respect is to be hoped for in 
the line of high speed. 


We may represent this condensation on a diagram by an added 


area which shows added consumption of steam, but not increased 
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power, as in this diagram (Fig. 162), in which the shaded portion 
is the area added for condensation. At { cut-off the steam used 
would be represented by the parallelogram A, M, O, C; at | by 
A, M, P,D; at 4 by A, M, Q. E; and at full stroke by A, M, R F 


supposing the condensation to remain a constant quantity. 
i 


The loss would be a variable percentage of the steam used, at 
different degrees of expansion, as is well known to be the case. 
Thus, at {| cut-off it would be 50 per cent., at |, 35) per cent., 
and at 3} stroke, 20 per cent., and at full stroke, only 11 per cent. 
It will not, however, be constant, as the times of exposure to the 
steam will vary, being for the above cut-off as 1, 14,2, and 4, and, 
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other things being equal, the percentages would be increased in 
the ratio of the square roots of these numbers and become 50,58, 
28, and 22, which probably represent about a maximum under the 
conditions of ordinary practice. 

The surface film affected by the heating and cooling action in 
the cylinder being so very thin, it may be a question whether the 
ability for conducting heat has as great an influence on the result 
as the thermal capacity. It is supposable that the surface of even 
a non-conductor would condense some steam, and that the amount 
so condensed would depend upon the capacity of that surface for 
heat. This thermal capacity may be defined as specific heat by 
volume, and is proportioned to the product of the specific heat 
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into the specific gravity. If time did not enter into the problem, 
this would be the only element determining the amount of con- 
de nsation, but as time is involved and the film has had appreciable 
depth, that depth for equal times will depend upon the conduetiv- 
ity of the substance composing the surface. The relative effect, 
therefore, of any two surfaces in producing the condensation 
under discussion will be dependent upon three things: Ist, The 
depth to which the heat will penetrate in a given time, which is 
determined by the conductivity of the material ; 2d, the weight 
of that film of material, which is determined by its specific gravity ; 
and 3d, the amount of heat required to raise that weight of 
material to a given temperature, which is determined by its 
specific heat. The value of any given material, therefore, for the 
surface of a cylinder for this purpose will probably be inversely 
as the product of these three quantities, or what Sir William 
Thompson calls the “thermal diffusivity” of the substance. 
The actual conductivity of substances we know very little about. 
In fact, Sir William Thompson, in his article on heat in the Zncy- 
clopedia Britannica, ventures to give it but for two metals, copper 
and iron. Wemay, however, use the comparative values obtained 
by Weidmann and Franz to ascertain the relative values of differ- 
ent metals and porcelain for this purpose : 


a b ‘ 
Substance. Conductivity. 8 pe cific 
yravity. leat 


Diffusivity Ratio | Rate of 
ixbxe expansion, 


0570 59 6 4.925 194 
5. 186 
.1298 119 
0562 5. 489 | 
0814 8.02 220 
0808 5 133 
| 168 .0140 88 


Bismuth ..... 
Porcelain... .. 


= 


Among the metals bismuth stands by far the highest. A eyl- 
inder made of it would show but 1-22 the condensation of iron 


under the same conditions. Besides, it has approximately the 
same expansion, so that it would not tend to separate under 
differences of temperature, if plated upon iron. It is true that 
porcelain presents a higher possible saving, but it has great dif- 
ficulty of application. 

The evident advantages of bismuth as a lining for steam cyl- 
inders, particularly on those parts which are not exposed to wear, 
led me to expend considerable time and some money toward se- 
curing a practical realization of its benefits, but thus far without 
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any success. The thickness of such a lining would not have to 
be great and therefore not expensive, if it could be applied ; 1-64 
of an ineh would, I think, be ample under all cireumstances. This 


I attempted to secure by electrical deposition, but was balked by 


an unforeseen difficulty—that of the extremely low electrical con- 
ductivity of the material. It was possible to make a mere surface 
coating of bismuth upon another metal, but immediately this ar- 
rived at an appreciable thickness it was found impossible to deposit 
any more of the metal thereon; subsequent deposits taking the 
form of non-adhesive black powder. We succeeded in covering the 
surface by securing thereto a sheet of the metal securely fastened, 
but this also proved abortive from another unforeseen difticulty. 
Although this metal does not melt below a temperature of 500 , 
it apparently becomes soft at the temperature of the steam, the 
impact of which broke the bismuth up into fine particles in the 
vicinity of the ports, and these found their way out through the 
exhaust pipe. 

The ideal substance for this purpose is an ideal varnish which 
shall have avery low theimal difiusivity and be capable of stand- 
ing the action of high pressure steam. Iam not without hope that 
this may yet be discovered. Meanwhile we have to be content 
with what can be obtained by multiplication of cylinders with all 
its attendant expense and inconvenience. 

I would further add, in reference to the gain from the principle 
of compounding, that Mr. J. P. Hall recently read a paper before 
the North-East Coast Institute of Engineers and Shipbuilders, 
giving a shipowner’s view of the relative value of compound and 
triple expansion engines. Comparing 12 ships with compound 
engines with 9 others with triple-expansion engines, and reducing 
them to a common standard of 10 knots per hoar with 1,000 tons 
weight carried 1,000 knots, all in “reasonably fine weather,” he 
found an average of about 25 per cent. in favor of the triple-ex- 
pansion, both on “ displacement” and “ dead weight” performance. 

Mr. Joseph Morgan, Jr.—My. Emery’s remarks indicate a 
disposition to force steel manufacturers to defend themselves. 
He asserts that steel can no longer be considered, in a com- 
mercial sense, better than iron. This is not the fact. In good 
practice, with the same attention to details of selection of 
stock and methods of manufacture, greater uniformity and re- 
liability of product can be looked for in steel than in iron 
plates. There are twice as many well-managed concerns now 
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making steel boiler plates as there were five years ago, and the 
knowledge of the properties of steel and proper methods of its 
manufacture is greater now than then. In our own works, in the 
management of several hundred boilers, many of which were built 
of iron in former years, we have uniformly used steel in recent 
construction from a conviction of its greater fitness for boiler 
work. All our breakages of boiler plates in actual use have been 
of the iron plates. Some of these breakages have been startling, 
though fortunately without disaster, and we unhesitatingly decide 
in favor of steel, with which our experience on nearly one hundred 

_ has been uniformly good and so far absolutely without 
break or crack in use. 

— Our boiler makers prefer to work steel, as there are few or no 
wasters in flanging work. This is the experience in all boiler shops. 
There is no reason why manufacturers of steel boiler plate should 
be less conscientious than the makers of iron plates. There are 
fewer of the steel makers, their plants are more modern, better 
fitted to roll sizes now asked for, and their process is cheaper for 

high grades. ‘There has been also a substantial advance in the 
metallurgy of steel in cheapening the material which it is necessary 
to put in best grades of plates. Mr. Wellman has been one of the 

_ pioneers in that way in developing the puddling business, and so 

— getting cheaper stock than the charcoal blooms before used for 

~ best plate; and at Cambria Works we have developed another 
method, the Krupp washing process, of dephosphorizing pig-iron 
and getting cheap pure stock in that way, so that steel men are 

able to meet the cheaper market and be conscientious at the same 
time. 

There is one misconception of the reason why thick plates are 
not as good as thin.ones which seems to run through all the liter- 
ature on the subject. The statement is made that to make a good 
thick plate it is necessary to raise the carbon to get the tensile 
strength. This is not the case if a proper amount of work is put 
on the ingot. If an attempt is made to reduce an 8-inch ingot to 
an inch and a half or inch and a quarter or inch plate, and get 
the same elastic limit and ultimate strength as if the same ingot 
Was rolled to a quarter inch plate in the same mill, it will not sue- 
ceed. But if an ingot of a-proper size is reduced, and the proper 
m“nount of work is put upon it, the inch plate will certainly show 
as good a quality as the quarter inch plate. It is not, therefore, 
hecessary to use higher carbon in thick plates. 
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Mr. Allan Stirling.—1 think it is rather late in the day for Mr. 
Emery to say that there is any question as between iron plates 
and steel plates for boilers. I think I may say that ten years ago 
that question was settled completely, and that locomotive men 
are using steel plates entirely for boilers. Of two or three hun- 
dred locomotives which were under my charge some eight years 
ago, I am sure there was not an iron plate in any one of them, In 
ordering some boilers some few months ago, I had no hesitation in 
specifying steel from any one of three steel works, feeling contident 
that I would get steel of the quality necessary for that wark. We 
have with us to-night one gentleman from whom I would order steel 
with the utmost assurance that I would get a material which 
would meet all the requirements of first-class boiler work. 

Mir. George 8. Strong.—1 should like to say a word in regard to 
this steel question. I was talking a short time ago in regard to it 
to the mechanical engineer of one of our leading railroads, and | 
asked him if there was any trouble about getting steel plates to 
meet their specifications. He said no, and that although their 
specifications were very rigid and very stringent in regard to thie 
quality of steel in every respect, as well as to the thickness of the 
plates, they found no difficulty whatever in getting plates to meet 
their requirements, not only from one mill, but from quite a num- 


ber. I myself am now building boilers in which we require very 


thorough annealing. Our furnaces are corrugated, and the shells 
are welded, and all this work requires a material which will stand 
the welding, corrugating, flanging, ete., without any indications of 
cracking, and we use steel with the utmost assurance, which is 
more than we do with any iron we can get. In fact, the Leeds 
company, who are the manufacturers of the corrugated fur- 
nace in England, when they started manufacturing these corru- 
gated furnaces, took iron plate and found they could not depend 
on it. Then they started to roll plates of the right size, of steel, 
and since they adopted steel plates they have had very little 
trouble with their furnaces. Before that they never knew when 
they were going to have a blister on a furnace. We find in weld- 
ing to-day that we can weld with more assurance the steel than 
we can the iron. 

The President.—Before calling on Mr. Emery to close the dis- 
cussion, | will say also just a word in regard to the steel plate 
matter. Mr. Stirling is undoubtedly correct in regard to boiler 
makers. Experience has taught them that steel is better than 
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iron. Still there is a great deal of prejudice against steel and in 
favor of iron. I happen to know of a case in whieh a company 
building a mill for the purpose of manufacturing steel put it in 
their specifications for boilers that the shells must be made of 
wrought iron. 

Mr. FF. R. Hutton.—In connection with the above paper on 

linder Condensation, ete., Mr, Walter C. Kerr, of Westinghouse, 
~Church, Kerr & Co., sent a letter to me before the meeting, stat- 
ing that the prefatory note embodied in the specifications of the 
‘United States Letters Patent referred to in the paper contained 
an interesting discussion of the subject of Cylinder Condensation, 
and the economy of steam, and suggesting that the same was 
worthy of reproduction in shape where it could be readily con- 
sulted. On examining the introduction it appeared to be a valua- 
ble contribution to the subject, which, though written over twenty 
years ago, had been practically inaccessible. It has, therefore, 
‘been decided to publish the same in full as part of the discussion 
on this subject. 

It will be observed from the last two paragraphs that the pat 
ent was on the application of Non-Conducting Linings in Steam 
Cylinders, the subject heretofore discussed by Mr. Emery in con- 
nection with one of the Topical Questions. (See Transactions, 


Vol. VIL... page 375.) 


EXTRACT FROM UNITED STATES LETTERS PATENT, NO. TO7OT, 
DATED NOVEMBER 12, 1867, GRANTED TO CHARLES BE. 
EMERY FOR IMPROVEMENT IN STEAM ENGINES. 


“It isja patent fact that the best steam-engines utilize only one- 
tenth to one-ninth of the heat in the steam used. Scientific men 
speak of the loss as unexplained, and state that the steam-engine 
is yet in its infancy, and that no considerable improvement has 
been made in it since the days of Watt. In spite of all the efforts 
of inventors to economize fuel, the fact still stares them in the 
face that nearly ninety per cent. of the steam is wasted. 

Many experiments have been made with superheated steam, 
and that principle may undoubtedly be carried with economy as 
far as mechanical means will allow. Most attention, however, has 
probably been paid to the enormous profits promised by theory 
from the expansion of steam ; but it is well known that the ex- 
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pected gains from this source have never been practically realized. 
Compared with full-stroke, the theoretical gain by cutting off 
steam at half-stroke is sixty-nine per cent. At quarter-stroke it 
is one hundred and thirty-eight per cent., and increases with the 
grade of expansion. Notwithstanding this, it is doubtful if a gain 
of fifty per cent. has ever been obtained in practice, which could 
all be attributed to expansion alone, rather than to differences in 
pressure, superheating, or some circumstance, often used in con- 
nection with expansion, and for which that principle has the 
eredit, but which, in fact, increases proportionally the economy 
of the power nearly as much at one grade of expansion as another. 
Though many will deny this, the small percentage of the theoreti- 
eal performance utilized in the best steam-engines, using expan- 
sion in the most approved manner, shows that there is a discrep- 
ancy somewhere. Still it is to the expansion of steam that we 
should look for further economy. 

A steam-engine is simply a heat-engine. Water takes up the 
heat ; steam is the result. If steam be expanded, work is done. 
A quantity of heat the mechanical equivalent of the work done 
disappears, and leaves its vehicle—the water—in its original con- 
dition. In other words, steam is condensed. Theoretically, we 
should be able to carry on the expansion till the heat force is all 
utilized and the steam all becomes water. Practically, the steam- 
pressure can never be economically reduced below that necessary 
to equilibrate the resistances incident to the engine itself. Uy to 
this point, then, we should expect gain ; still we do not in practice 
realize it. 

Modern discoveries in science have pointed out no reason whiy 
this is so. They only show that the pressure must reduce faster 
than the ordinates of a hyperbolic curve, on account of condensa- 
tion due to work done and varying temperature. Then, since the 
theory of expansion is so conclusive, and we are not able to obtain 
results in accordance therewith, should we not look carefully at 
the practical side of the question, and strive to find, in the mate- 
rials used, or in their form, disposition, or movements, some fault 
to which may be attributed the losses? First, we must allow that 
a steam-engine cylinder appears to hold the steam, and that the 
operation of the valve-gear and piston and its connections un- 
doubtedly permits its expansion, and transmits the force derive: 
therefrom. to the desired point. I say the cylinder appears to 
hold the steam. Now, what issteam? We may say water which, 
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by the action of heat, has had work done upon its particles, sep- 


carating and agitating them. Less literally, it is simply water and 

heat. Does the cylinder hold both? Put your hand on it and 
see. Al! your flesh is not wet, but is burned—that is, the cylin- 
der holds water, but not heat. It is, in fact, ready, at the first 
opportunity, to give away the very force we wish to utilize. Your 
hand robbed the cylinder of a little heat, the cylinder robbed the 
inclosed steam, Jeaving a little useless water. However, we ex- 
pect loss from the outside, and guard against it by a covering of 
felt or similar material. 

Let us inquire if any similar loss can take place on the inside. 
There is nothing but steam there, you say. Why was your hand 
burned? Simply because it was colder than the metal. Is the 
steam ever cooler than the metal? Certainly it is, at the very 
time it is going out of the cylinder, and can carry all the heat it 
away to waste. 

The differences in temperature inside a steam-cylinder during 
a double stroke of the piston are very considerable. The steam 
enters usually at nearly the boiler pressure and temperature, and 
if it be expanded the temperature necessarily falls from the time 
the cut-off valve closes to the end of the stroke. When the ex- 
haust-valve opens, the temperature again falls to that due to the 
back pressure. For example, if steam, admitted to the cylinder 
at a pressure of thirty-five pounds per square inch above the 
atmosphere, be cut off at a quarter of the stroke from the begin- 
ning, and at the end exhausted into a condenser against a back 
pressure of two pounds, its temperature during the first quarter of 
the stroke will, in round numbers, be 280° Fahrenheit, and grad 
ually fall to 205° at the end of the stroke, when, after the exhaust, 
it will be suddenly reduced to 130°,remaining so during the whole 
return-stroke, The metal of the cylinder at first necessarily becomes 
nearly as hot as the boiler-steam; but when the communication 
with the boiler is shut off, the temperature of the confined steam 
at the end of the stroke becomes 75° lower than that of the metal, 
and the difference increases to 150° when the exhaust takes place, 
and remains so during the entire return-stroke. 

Tyndall has shown that aqueous vapor is a very powerful absorb- 
eut of radiant heat. When, then, as we have shown, the tem- 
perature of the metal of a steam-cylinder is so much higher than 
that of the inclosed steam, a great deal of heat must be radiated 
from the metal, absorbed by the steam, and carried with it out of 
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the eylinder. The heat radiated from the metal must be re-sup- 
plied from the incoming boiler-steam to adjust the temperatures. 

When the boiler furnishes saturated steam, since that is its 
maximum density, as steam, at the point of saturation, no heat 
can be taken from it without producing condensation. Hence 4 
heat required to reheat the cylinder and that transmuted into 
work both produce condensation. A portion of the steam yields 
up its latent heat and collapses from the volume of steam to that 
of water at the same temperature. So long as the steam-valve is 
open, new steam enters to keep up the pressure. Hence it often 
occurs, in practice, that twice as much steam is used as is required 
by ealeulation. There is nothing strange in this if the metal of 
the cylinder, at the beginning of each stroke, is cool enough to 
condense about half the steam that enters. With superheated steam 
the effect is similar, though no condensation need take place. 
The free superheat goes to supply that necessary to reheat the 
eylinder and perform the work. This decreases the volume, and 
while the steam valve is open more steam flows in to keep up the 
pressure. The density is thereby increased, and, like saturated 
steam, it requires a larger quantity of boiler-steam to maintain the 
initial pressure and temperature. 

Let us now carefully follow the steam through the eylinder of 
an engine, explaining the changes which take place upon the 
principles above stated. The metal of the cylinder being some- 
what cooled during a previous stroke, in the manner pointed out, 
sufficient steam enters not only to fill the space, but to reheat the 
metal and keep up the initial pressure. The steam is shut off, 
expansion takes place, and soon the temperature of the steam be- 
comes lower than that of the cylinder. The metal, in turn, be- 
comes the heater. It re-evaporates whatever water is in contact 
with it, and radiates its heat into the steam, and thus superheats 
it, or re-evaporates the suspended watery particles of condensation, 
as the case may be. All the heat taken from the metal during 
the steam-stroke is utilized, for it increases the volume or pressure 
of the steam, and thereby produces a dynamic effect on the 
piston. When the exhaust takes place, however, all the heat re- 
quired to re-evaporate the water on the surfaces, all that can be 
radiated from the metal and absorbed by the steam, and that re- 
ceived by the steam by direct attrition against the heated sides of 
the cylinder and narrow ports during the time of the whole return- 
stroke, is carried away out of the cylinder, and, for the purpose of 


work, entirely wasted. 
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All this heat has to be supplied at every 
stroke, to be gal and again wasted and resupplied, The lost 
heat is furnished by an additional quantity of steam, which un- 
fortunately enters and leaves the cylinder without showing its 


presence by an increase of pressure ; wherefore calculations to de- 


termine the quantity of steam used are necessarily incorrect when 


founded, as is usual, upon the terminal pressures sliown by indi- 


cator-diagrams. 


In the famous Erie expansive experiments it was found that at 


the higher grades of expansion from forty to forty-five per cent. 


more steam entered the cylinder than was accounted for by eal- 


culation from the terminal pressure. About eight percent. of this 
was condensed to furnish heat for the work ; the rest was absolute- 
ly wasted. Bourne mentions that in one of the noted double- 
cylinder pumping-engines in England thirty-three per cent. of the 
steam was unaccounted for by the indicator. In small engines 
the discrepancy often amounts to two-thirds of the steam used. 


It would seem to be impossible for an engine to work when so 
much of the steam is condensed in the cylinder. Now, Tyndall 


has shown that a good absorbent is necessarily also a good radia- | 


tor. So, when steam enters a cooled cylinder, though some water 
may be condensed on the surfaces, like dew, the whole body of 


the steam is also chilled by radiation, and the condensed water 
left suspended in the steam in a fog or cloud. A small quantity 
of water may possibly be held invisibly suspended, like the aqueous 


vapor in the atmosphere ; but larger amounts undoubtedly form a 
cloud, from which, when the abstraction of heat is carried suf- 
ficiently far, water probably drops like rain. 


The quantity of steam necessary to reheat the cylinder should 
increase slightly with the grade of expansion, for the metal is ex- 


posed to a temperature lower than its own for a larger portion of 


each stroke. But since less steam enters the cylinder at the— 


higher grades, not only the quantity required for reheating, but — 


also that condensed for the work, must form a larger proportion — 
of the whole quantity. In other words, the percentage of water ay 
condensed and unaccounted for by the indicator must increase — 
With the grade of expansion, at least up to a point where the 
metal is heated and cooled all that is possible in the time of a = 
double stroke. 


Jn aceordance with the principles above adopted to explain the 
Josses in the steam-engine, we may account for the gains which are- 
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obtained by some forms of construction, and reconcile many — 


statements which appear contradictory. 

First, then, it is well known that large engines are more eco- 
nomical than small ones, even when using steam with the same 
degree of expansion. We can understand this from the fact that, 
as the cylinder is enlarged, the ratio of radiating-surface to capac- 
ity is proportionably diminished, and the metal also is farther 
removed from the main body of the steam. 

Again, the Cornish engine is often referred to as a model of 
economy, and an example of the efficiency of extreme expansion. 
Others adopt the same pressure of steam and the same grade of 
expansion, but do not realize the same degree of economy. Why 
is this? Now, Cornish boilers are very economical; but that 
will not account for all the gain. On the principle above stated, 
we find, first, that Cornish engines are generally large, and for 
that reason economical. But more than this, they are single-act- 
ing. The hot boiler-steam never touches the coolest portions of 
the cylinder. It enters only at the top, and presses down the 
piston until the beam and heavy pump-rods are put in motion. 
The steam is then shut off, and the stroke completed by expan- 
sion. As the steam lowers in temperature, the surrounding metal 
is correspondingly cooled. The return-stroke is accomplished by 
the weight of the pump-rods, and the piston simply displaces the 
steam from one end of the cylinder to the other through the equi- 
librium-valve. The upper or hot end of the cylinder is never in 
eonnection with the condenser, and the cool end is at no time in 
direct communication with the boiler. Is it strange that greater 
economy can be obtained, using such an instrument as this, rather 
than a double-acting cylinder, each end of which must be heated 
and cooled at every stroke ? 

Again, the double-cylinder engine is considered very econom- 
ical, and properly so, for the small cylinder is never in communi- 
eation with the condenser. The heat radiated from it is utilized 
on the large piston, which stands like a screento prevent its going 
entirely to waste. Viewing the matter in this light, it is probable 
that the economy of the present double-cylinder engine could be 
increased by making less difference in the size of the cylinders 
than is usual. 

Great differences of opinion exist as to what is the most eco- 
@emical point of cut-off in the ordinary double-acting engine. 
There is an undoubted gain, within reasonable limits, when thi 
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higher grades of expansion have the benefit of higher pressure 
steum than the lower grades, which is the only practical way of 


testing the matter when doing the same work in the same engine 

and with the same piston speed. But moderate expansionists 
say that they are entitled to as high a pressure of steam as is 
used in any case, and that they can thereby employ a smaller 
engine with no greater loss than is compensated for by dimin- 
ished first cost, and increased simplicity and reliability. 
point about steam pressure is well taken; but they forget that 
when doing the same work with the same pressure of steam in- 
creased expansion not only necessitates a larger engine, but brings 
the economy due, as above explained to a large engine per se. 
It is believed, therefore, that the views of the non-expansionists are 
not upheld by facts. This is, however, a limit to the application 
of the principle of expansion in engines as at present constructed, 
the best, as has already been said, utilizing only one-tenth of 
the heat. 

[I have above stated my theory fully, and have given some 
exunples of its practical application. Still, many may doubt that— 
a cause apparently so small can produce such large and injurious 
effects. I would, however, call attention to the fact that Tyndall, 
when experimenting with the very things that we have been discuss-_ 
ing—viz., the vapor of water and radiant leat—made discoveries | 
still more incredible. He found that the invisible aqueous vapor 
present at all times in the atmosphere had seventy times the 
absorptive effect on radiant heat of dry air, Any person who 
will carefully read his remarks on this subject, in connection 
with a careful study of the changes of temperature that occur ina_ 
steam-cylinder, which in fact confines a kind of aqueous vapor 
Within radiating surfaces, will, I think, agree with me as to the 
nature of the losses which are found in practice. 


To prevent these losses, I long ago proposed to make the inte-— 
rior surfaces of a steam cylinder of a poor conductor or a poor 
radiator of heat; but I found that Tyndall had shown that a poor 
radiator—a polished surface, for instance—becomes a good one 
when a good radiating vapor like that of water is in contact with 
it. However, by making the interior surfaces of a poor condue- 
tor of heat, no more heat can be radiated or conducted away than 
is conducted to the surface. Therefore, so much cannot be lost, 
and less steam will be required to reheat the surface. By using a 
peor conductor, with low specific heat, the benefit should be still 
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more marked. After carefully considering the subject, my con- 
victions were so strengthened by the considerations hereinbefore 
expressed, and by mathematical calculations, that I tried the 
matter practically. After some preliminary, though encouraging, 
experiments with incomplete apparatus, [constructed two cylin- 
ders of like dimensions, one of glass, the other of iron, in such a 
manner that either could be attached to a valve which regularly 
admitted steam from a boiler to the cylinder, and permitted its 
exhaust into a condensing-coil lying in a tub of water. The ea- 


pacity of the two eylinders was made exactly the same, as was 
shown by transferring water from one to the other. When put, 
in turn, in the condition of a steam-engine cylinder, the iron eylin- 


der used twice as much steam as the glass one, shown by 
the fact that twice the quantity of water came through the con- 
densing-coil for the same number of movements of the valve. 
Steam of the same pressure was used in both cylinders, and the 
experiments were many times repeated, with substantially the 
same results. This settled the question. The glass cylinder in 
that case saved half the steam. With more expansion T expect 
still greater gains. <A large proportion of the theoretical saving 
promised by extreme expansion may perhaps be realized. 

Whether my theories be right or wrong, I have at least demon- 
strated the practical value of non-conducting material for the 
interior surfaces of steam-cylinders. 

Popularly speaking, in relation to heat, all materials are divided 
into two classes—‘ conductors” and “non-conductors.” The 
metals constitute the first class, but differ among themselves in 
condueting-power. Thus, copper and compounds in which it 
enters freely, such as brass, conduct heat less freely than silver, 
but better than iron. Other metals conduct heat less freely than 
iron. For instance, lead and German silver have only from 
three-fourths to one-half its conducting-power, and bismuth has 
but about one-sixth. Substances such as glass, porcelain, fire- 
brick, marble, and stones are known as “ non-conduectors,” and 
many of them have about one-thirtieth the conducting-power of 
iron. Cast-iron is almost universally employed in the construc- 
tion of steam-cylinders, and it has lower conducting-power than 
brass or any other substance now practically used for the 
purpose. 

The object of my invention is to produce economy in the steam- 
engine. I accomplish this by, and my invention consists in, lin 
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ing or coating the interior surface of the cylinders of steam- 
engines with glass, porcelain, enamel, or equivalent material. I 
also propose to construct the whole cylinder of a poor conductor, 


and have made changes in the form of steam-engine cylinders 


and pistons, whereby certain portions of the surfaces that cannot 


always be conveniently lined may be protected from direct radia- 
tion. 

For the purposes of my invention one material, used as above 
expressed, is the equivalent of another when it conducts heat less 

freely than cast-iron; and the application of the words “ poor 
conductor of heat” and similar expressions, as herein used, is 
limited to such materials as conduct heat less freely than cast- 
iron.” 

Mr. Charles E. Emery.—The papers which we are consider- 

ing were written for the express purpose of producing discussion, 
and it is exceedingly gratifying that the object has been so well 
attained. 

We will first respond to the remarks of Mr. Porter, who has 
expressed himself most forcibly on the subject. He evidently still 
entertains views which we supposed had been abandoned by every 
prominent engineer in the country. The final suggestion in his 
Imain proposition, to the effect that additional work obtained by 
the additional eylinders accounts several times over for the gain 
in economy of the compound engine, is met simply by the fact that 
such engines are compared with other engines on the basis of equal 

~work atid still show economy. In reply to his protest against what 
is called “ the absurd practice of compounding non-condensing en- 
-gines,” it is sufficient to say that locomotives have been sueccess- 
fully compounded by two independent methods in several foreign 
countries and have shown marked economy in fuel when using the 
saine boilers and hauling similar trains over the same road. 

I am sorry to say that both Mr. Porter and Mr. Babcock as- 
sume that we claim that the w/o/e internal condensation is in the 
ratio of the squares of the differences in temperature, and have 
failed to quote our exact words on the subject, which are simply 
“that the quantity of heat which will be transferred from a radiator 
to an absorbent would vary as the square of the difference in tem- 
perature.” The distinetion is important, though it was not con- 
sidered necessary in the original paper to go into the detail neces- 
sary to show it. There is no question but that the quantity of 
heat transferred by direct conduction varies directly as the differ- 
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ence of temperature, and the same is true of heat transferred by 
direct circulation or convection. In transmitting heat through a 
plate, the fall of temperature necessary to produce the transfer 
through each successive layer is the same, or, as it may be ex- 
pressed mathematically, the differential of the temperature divided 
by the differential of the thickness is constant, so the resistance 
would vary as the thickness. If a fluid were circulated against 
the cooler side, each particle would take away the same quantity 
of heat as the next, and the total quantity received by each par- 
ticle would be proportioned to the difference of temperature mod- 
ified by a co-efficient of resistance based on the kind of contact 
which the particular fluid had with the particular material of the 
plate. In a steam-cylinder all the moisture deposited on the sur- 
faces is undoubtedly re-evaporated by direct contact with the steam, 
and the quantity of heat transmitted is therefore proportioned or 
nearly proportioned to the difference of temperature. As, how- 
ever, the whole body of steam is chilled and is in the condition of 
a cloud, the greater portion of the transfer of heat takes place by 
radiation from the hotter metal surfaces and absorption by the 
suspended watery particles. It is this action which it is claimed 
is proportioned to the square of the difference in temperature. 
With falling bodies we know that the rate of acceleration is con- 
stant and proportioned to the acceleratrix of gravity (vy). Hence 
the velocity is proportioned to this acceleratrix multiplied by the 
time, but the space passed over, as well as the energy absorbed, 
and which ean be afterwards utilized, is proportioned to the square 
of the velocity. Hence the application of the short explanation 
embodied in parenthesis in the original paper after the quotation 
above given, viz.: (“the conditions being practically the same as 
those of force performing mechanical work in overcoming resist- 
ance”). Now, in throwing up a projectile it is continually retarded 
by the force of gravity, which gradually reduces the stored-up en- 
ergy until the velocity becomes naught. So,in projecting heat 


from a radiator to an «bsorbent through vapor, the energy trans- 
mitted from the heated surface is continually dissipated by evap- 
orating water, in the form of mist, met with on the way, until finally 
all the heat energy is absorbed. The parallel of the two cases is 
complete. 


The proposition is, moreover, supported by authority. Rankine, 
in developing a formula to represent the quantity of heat trans- 
ferred to the water from the heated gases passing through a boiler, 
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for different portions of the length of the tubes or other heating 
surface, first develops a complex equation, practically that of a 
hyperbola with other factors involved, which is undoubtedly the 
true form applicable to that particular case. But on the ground 
that the equation is a complex one, he states that practice shows 
that the transfer of heat is proportioned to the square of the dif- 
‘ rence in temperature, and he then gives what is termed an ap- 
proximate formula based on this particular deduction. In the case 
of radiation the work is not considered approximate but accurate, 
for the reason that there is a direct projected force acting to over- 
come resistance the same as that of an actual projectile overeom- 
ing the resistance of gravity. Mr. Porter has attempted to 
assume a set of conditions by which all the steam would be con- 
densed upon raising the temperature, and it is not at all impos- 
sible that such would be the case under certain conditions, but 
in other cases the result would be much of the same character 
-as the law of depreciation; for instance, that of the value of 
tools in a manufactory. If a depreciation of 10 per cent. be 
allowed per year, at first sight it would seem to be as.if the plant 
would be worth nothing on the books in ten years; but when it is 
considered that the depreciation is 10 per cent. of the remainder 
‘in each case, instead of the original amount, it becomes evident 
that there will always be a remainder. 
Attention has been called by Mr. Babcock to the development 
of eylinder condensation by Mr. D. K. Clark, as set forth in his 
work on Railway Machinery. In preparing the paper we had 
in mind only Mr. Isherwood’s claim, and though ours may be cor- 
rectly based upon his, we are reminded by the suggestion of the 
gentleman named of our early interest in Mr. Clark’s unrivaled 
series of investigations, and feel that both claims must be modi- 
fied, ours possibly only to the limited extent so kindly stated 
by Mr. Babeock. The experiments made by the speaker with 
glass and iron cylinders above recited, doubtless demonstrate, in- 
controvertibly, the cause of internal cylinder condensation, and it 
is suggested that this simple apparatus, using cylinders say one 
inch in diameter and 10 inches long, should form part of the phil- 
osophical apparatus of every technical school, as the results ob- 
tained are as startling as many of those customarily employed to 
produce strong impressions on the minds of students. 
We are obliged to Mr. Barrus for introducing the facts stated 
in relation to the Dixwell expansion experiments. The experi- 
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ments show admirably on a large scale the effect of expanding 
steam with and without the performance of useful work, although 
the results have apparently notbing to do with the question under 
discussion. Actual loss of heat should have taken place even when 
the engine was not running equivalent to the mechanical work ne- 
cessary to displace the atmosphere, as well as that required for 
external refrigeration. 

In experiment 2 the temperature corresponding to (54+15=) 
69 Ibs. is 802°. The temperature near the throttle-valve was 449°, 
so there was 147° superheating, corresponding to about 733 ther- 
mal units. The total heat above zero of saturated steam, at the 
pressure above stated, is 1174 thermal units, so (1174+ 7. }=) 1247} 
thermal units entered the engine, and as 1223 thermal units were 
discharged, only (1247!—1223=) 24) thermal units were lost in 
passing through the cylinder. This is insufficient for the mechan- 
ical work required to displace the atmosphere, so although many 
interesting questions are raised by the presentation, the results not 
only fail to support the “ expansion per se” theory, but, so far as 
they go, actually disprove it. 

The discussion of the paper on the compound engine has neces- 
sarily been combined to a large extent with that on eylinder con- 
densation. The incidental remarks about the use of steel in the 
former paper appear also to have excited some attention. It will 
be observed that there is no serious difference in the views of the 
various speakers on this subject. Mr. Morgan naturally takes the 
side of the steel makers, as he should, and his remarks that “ iu 
good practice, with the same attention to details and selection of 
stock and methods of manufacture, greater uniformity and relia- 
bility of product ean be looked for in steel than in iron plates,” is 
only one way of putting part of the remark of the writer that stec! 
“is so much more homogeneous and in every way desirable, when 
the material is right, that there is no danger of every one going 
back to iron.” The qualification, “ when it is right,” is very im- 
portant. If all boiler steel were as good as that manufactured 
under the direction of one gentleman here present, who has not 
favored us with remarks, there never would be any question ; 
but the number of steel makers is constantly increasing, and, wn- 
fortunately, each one has to go through exactly the same experi- 
ence as the early manufacturers of steel. 

Steel, once produced, must be disposed of, on account of the 
necessity of making profits in competition with others, and so ste! 


| 


CYLINDER CONDENSATION AND THE COMPOUND ENGINE. 511 


of an improper kind for use in boilers will get on the market. Mr. 
Morgan’s remarks in regard to putting the work upon thick plates to 
bring up the tensile strength, instead of increasing the carbon, are 
very interesting. The principle has been long known, but we must 
take it for granted that Mr. Morgan means that steel makers are 
prepared to make steel in this way. Let us, however, examine 
what this means. If two long plates be compared, of a width about 
as great as can be rolled, and one four times as thick as the other, 
the ingot for the thick plate would have to be four times as heavy 
to make the quadruple thickness, and four times as heavy 
again as is required for this, or sixteen times as heavy as 
that for the thinner plate, in order that in the process of manu- 
facture it would receive the same work as would be obtained in 
rolling the thin plate. Not only this, but the thick plate, when 
done, would be four times as long as required. In other words, it 
would be necessary to make four thick plates in order to get one. 
Now, all this is possible, but it is left to the engineering experi- 
ence of those present to judge how often mills in practical work 
would go to this trouble and expense instead of slightly increasing 
the carbon to get the necessary tensile strength. That the carbon 
is increased at times is shown by the failure of some of the boilers 
with extra-thick plates constructed abroad. - These remarks are 
not made in an unfriendly spirit. The whole discussion shows the 
absolute necessity of careful inspection in the use of steel, and as 
these are notes for discussion, it seemed a fitting opportunity to 
call this subject to the attention of members, so that the young 
might be forewarned and the older ones reminded that the prob- 
lems which antagonize the introduction of steel are still to be 
met, unless in an unbusinesslike way dealings are had entirely with 
such parties who have such a reputation that they cannot afford to 
send out anything not adapted for the particular purpose of the 
order, 

During the discussion I have had thrust into my hand a note 
from an eminent engineer here present, which forms an amusing 
commentary on the situation, Itreads: “You are about right on 


the steel question, but very unorthodox ; don’t mention my name, 
as | would about as soon attack the orthodoxy of the church as 
the use of steel at this day.” 
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THE COMPARATIVE VALUE OF STEAM AND HOT 
WATER FOR TRANSMITTING HEAT AND POWER. 


i BY CHAS. E. EMERY, NEW YORK CITY. 
(Member of the Society.) 


Tue relative values of steam, water, or other vehicle for the pur- 
pose of distributing heat to be used for heating and power purposes, 
curiously involves, in a large degree, the same elements as the trans- 
portation of passengers and freight on railroads. With the latter, 
the relative amount of paying and non-paying load forms one of the 
most important considerations, while with the former the relative 
values depend largely upon the percentages of their heat-carrying 
capacities which can be utilized in practice. In generating steam 
with fuel, the gases may be reduced in temperature nearly to that 
of the steam itself, securing fair efficiency, but in me Iting metzls, 
they must. be rejected at a temperature higher than that of the 
metal, and economy secured by secondary operations to save waste 
heat. Similarly the efficiency of a heat-transmitting medium de- 
pends upon the amount of heat rejected or unavailable by the con- 
ditions of the problem compared with that originally imparted to 
such medium 

If steam and hot water of 400 degrees temperature be respect- 
ively used for some heating purpose such as cooking, requiring 
nearly that temperature, the steam will give up its latent 
heat and be converted into a small quantity of water at the final 
temperature, while hot water can only give up its sensible heat, 
represented practically by the difference between its original an 
final temperature. If the fall of temperature be from 400 to 39! 
degrees, the water would impart substantially one thermal unit for 
each pound of water circulated over the surface, while the steam 
would impart over 800 thermal units for each pound of water con- 
densed. If a difference of 2 degrees were allowed, the water would 
impart substantially two thermal units for each pound of water 


circulated, whereas the heat supplied by the condensation of one 
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pound of steam with same limits of temperature would be but 
slightly changed, though the relative quantity of water required to 
be circulated to equal the results obtained with one pound of steam 
would be reduced one half. By allowing a still greater reduction 
of temperature the water would appear at less disadvantage. For 
instance, with a difference of temperature of about 11.15 degrees 
the water would impart 11} thermal units for each pound of water 
circulated and the steam 842 thermal units for each pound con- 


densed.* This is doubtless a greater reduction of temperature 
than could be allowed for cooking, and yet it would require 
(842.04 + 11.52 =) 72.71 times as much water circulated to do the 
sume work as would be required if steam were used. In this case, 
then, 72.71 pounds of water would necessarily be heated at the Sta- 
tion, puinped to the point where the heat was required, and then be 
forced back again to the Station at a lower pressure and pumped 
into the boiler to be reheated, for each pound of water evaporated 
if steam were used as the medium of transmission. The steam 
would be transmitted by causing a slight difference of pressure 
from the heating station to the point where it was used, and its 
surplus pressure would return the water of condensation back to 
the Station, where one pound would require to be pumped in the 
boiler for each 72.71 pounds by the water system. 

As the temperature at which the heat is to be applied is reduced, 
the preponderance against the water system somewhat diminishes. 
For instance, if steam at 70 pounds pressure be required to operate 
engines, it may be obtained by directly expanding down the steam 
of 235 pounds pressure, which would result in a beneficial super- 
heating of 25.87 thermal units per pound of steam thus expanded. 
If, however, the steam were supplied from hot water at 400.89 
degrees temperature, corresponding to the pressure of 235 pounds, 
only 10.2 parts in 100 would, on reducing the pressure to 70 
pounds, flash into steam at that pressure, so in that case 10.2 
pounds of water would necessarily be heated at the Central Sta- 


tion, transmitted to the point where steam is required, and if high- 


* (A) Temperature due to 235 lbs. gauge or 250 lbs. absolute pressure, 400.89 ; 
temperature due to 205 lbs. gauge or 220 Ibs. absolute, 389.74 —difference, 11.15°. 
Total heat above 82° in the two cases respectively, 373.75 and 362.17—differ- 
ence, 11.5 thermal or heat units. Total heat of steam of 235 lbs. gauge pressure, 
1204.21 heat units. Subtract 362.17 heat units due to final temperature, gives 

$42.04 heat units, available from condensation of steam between limits of tem- 
perature stated. 
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pressure engines were used, 9.1 pounds would necessarily be trans- 
mitted back again, and finally 10.1 pounds pumped in the boiler 
for each pound wel ight of steam used, instead of the one pound 
which would be required to be evaporated at the Central Station 
in the case of the steam plant.* 

For heating purposes the temperature could, under favorable cir- 
cumstances, be reduced to 228 degrees in the coils, corresponding 
to a pressure of five pounds, in which case, without repeating the 
operations above described, there would require to be circulated 
from the heating Station to the point of supply and back to such 
Station, 5.69 pounds of water for each pound of steam utilized at 
the point of supply, or for the heat which would be imparted at 
the temperature corresponding to such pressure, for each pound of 
steam which in a steam system would be evaporated and sent direct 
from the Station.+ 

The above statements may be easily verified from the figures 
given in the foot-notes, and the great resistances found in pumping 
water through pipes at high velocities being well known, there would 
seem to beno reason whiy any one should think of using water rather 
than steam for the purposes above referred to. The subject has, 
however, been agitated fora number of years. Little plants to 
show what could be done with water heated to a high temperature 
have been built from time to time, but apparently did not com- 
mand the capital necessary to start the business on a large scale. 
Another revival has recently been attempted, however, based 
chiefly on the favorable report of an unusually well-informed en- 
gineer of experience and acknowledged ability, to whom it is a 


pleasure to say the writer is personally indebted for many valu- 


* (B) Total heat steam of 70 lbs. gauge or 85 absolute pressure, 1178.34 heat 
units, which, subtracted from 1204.21 heat units due to 235 |bs., foot-note (A), 
shows 25.87 heat units for superheating, Temperature due to 70 Ibs. gauge 
816.08 corresponding to 286.26 heat units above 82 , which, subtracted from 373.75 
heat units due to 235 lbs. (A), leaves 87.49 heat units available for making steam 
with water, and subtracting same from 1178.44 heat units, totul heat due to 70 
Ibs., gives 892.08 heat units required for steam of 70 lbs. Hence there will be 
required 892.08 + 87.49 = 10.2 pounds of water circulated per pound of water 
evavorated into steam of 70 Ibs. pressure. 

+ (C) Temperature due to 5 lbs,, 227.96°, equivalent to 196.66 heat units above 
32, which latter, subtracted from 373.75 heat units in water due to 235 lbs. pres- 
sure, gives 177.09 heat units per pound of water, and subtracted from 1204.21, 
total heat due to 235 Ibs. pressure, gives 1007.55 heat units available from steam 
between same limits, so that there will be required (1204.21 + 177.09 =) 5. 694 
times as much water circulated as steam. 7 
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able suggestions as to proper courses of study at an earlier period 

of life. Mr. Isherwood, in forming his opinions, has evidently, how- 

ever, failed to consider some of the most important elements of the 

problem, and occasion is thereby made for an abstract discussion 
on the merits of steam and hot water, so far as possible, without 
reference to the merits of a particular system and the details of the 
‘same. 


It has been stated in the public press, quoting from the 
report, that a cubic foot of water at 400 degrees temperature 
contains 3843 times as much heat as is contained in a cubic foot 
of steam at the same temperature, and it is therefore con- 
eluded that “the areas of the pipes will be in this proportion, 
making their diameters in the proportion of 1 for the water 
and (4/843 =) 5.89 for the steam.” Also that “the thickness of 
- material of the pipes for equal strength would have to be about 
_ six times greater for the larger steam-pipe than for the smaller water- 
2 pipe, even if both were lap-welded.” On the supposition that larger 
— steam-pipes would be necessary, comparisons were presented of the 
“greater bulk,” “enormously greater cost,” “ extra loss of heat by 
conduction and radiation” due to the larger pipes, with some fur- 
_ ther remarks about the difficulty of getting rid of the water of con- 
- densation in steam-pipes, difficulties of management, etc., not at all 
warranted by the state of the art in relation to steam plants. Evi- 
dently the error behind these statements is to be found in the as 
sumption that, because a given quantity of water of the tem pera- 
ture assumed, contains 343 times as much heat as that of an equal 
volume of steam, therefore the steam-pipe must be proportionably 
larger to that extent. It ignores entirely well-known laws of hy- 
draulics, which teach that a fluid of much less density than another, 
will, with the same difference of pressure, flow at a much higher 
velocity. The weight of a fluid transmitted through pipes with 
comparatively small differences of pressure at opposite ends is 


the pipe, into the square root of the pressure gradient (represented 


length) into the square root of the weight per unit of volume of 
the fluid, for instance, the weight per cubic foot, called by Weis- 
bach the “heaviness,” and herein designated the “ specific weight.” 
Therefore, for the same loss of pressure in the same distance and 
the same size of pipe, the relative weights of water transmitted 
would vary as the square roots of the specific weights. The 


proportioned to the square root of the 5th power of the diameter of 


by the difference of pressure between the two points divided by the 


— 
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weight of a cubic foot of water at 400 degrees is approximately 


53 pounds, and a cubic foot of steam at the pressure of 235 pounds 


due to such temperature is 0.5478 pounds The relative weights 
of the steam and water are therefore as 1 to 96.86. The weights 
transmitted under like conditions as above referred to, would there- 
fore be as the square roots of these numbers, or as 1 to 9.816, 
Therefore, if the steam and water be compared on the basis of use 
for heating buildings exclusively, which, as has been shown, is most 
advantageous to the water system, there would, as has been stated, 
be required a circulation of 5.694 times as many pounds of hot 
water as of steam, but 9.816 pounds of water would, under like 
conditions, be circulated to 1 of steam. The relative capacities 
of the pipes required to convey the steam and water under like 
conditions would then be for the steam 1, and for the water, the 
increased weight required, viz., 5.604 divided by the increased 
weight conveyed, viz., 9.816, or as 1 to 0.5796, or as 1.7253 to 1. 
But the carrying capacities of the pipes are not as the areas or‘the 
squares of the diameters, but, on account of the friction element, 
as the square root of the fifth power of the diameters, on which 
basis, under this most favorable condition for the water-pipe, the 
diameter of the steam-pipe would require to be but 24.38 per 
cent. in excess of that of the water-pipe. This does not, however, 
represent the relative cost of the system. For heat taken the same 
distance, the return-pipe of the water system must be as large us 
the direct pipe, whereas that of the steam system, which has to do 
but about one-sixth of the work, could, on merely theoretical con- 
ditions, have a carrying capacity that much smaller. For practical 
reasons, Which, -as will be shown hereafter, will have yreater force 
with the water system, this pipe is made somewhat larger, or on the 
average about one-half of the diameter of the steam-pipe. On the 
basis that the costs are proportioned to the lengths and diameters, 
which is not far from correct when the two pipes are laid together 
in the same trench, the cost of the steam-pipe of 1.24388 diameter 
should be increased one-half to allow for the return-pipe, waking, 
‘in the case of the steam system, 1.8657 compared with 2 as the cost 
of the full-size double pipes of the water system, which numbers 
are as 1to 1.072. That is, even under the most favorable condi- 
tions for the water-pipes, they would cost at least 7 per cent. more 
than the steam-pipe system, and even this result is obtained by 
favoring the water system in the calculations, for the reason thiat 
the water has to be pumped double the distance that the steam is 
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conveyed, and therefore requires double the difference of the 
pressure. However, as this pressure is produced with a pump, for 
simplicity the comparison las been allowed to stand as above. 

If the water-pipes were designed to furnish power at a distance 
by generating steam to be used at 70 pounds pressure, it would be 
“necessary, as stated, to circulate 10.2 times as much water as would 
require to be evaporated for steam used directly, when, on the same 
basis previously discussed, the water-pipes would require to have 
3.9 per cent. greater carrying capacity under like conditions than 

the steam-pipe, that is, would require to be of 1.55 per cent. 
greater diameter, when the cost of both the direct and return water- 
pipes would be 35.4 per cent. greater than that of the steam- 
pipe and its smaller return-pipe. 

If, however, the water-plant were designed to furnish water for 
cooking purposes, and the temperature were maintained in the stoves 
at 400 degrees by circulating, as claimed, water of only 400 degrees, 
there would be required the circulation of an infinite quantity of 
water to fulfill this condition. If, however, the temperature in the 
stoves were allowed to fall one degree below that of the water, 
there would require to be circulated, as first stated, something 
over eight hundred times as much water as would be required 
to be evaporated and conveyed if the work were done by steam. 
Without stopping to calculate the size of the enormous pipe re- 
quired on this basis, we may assume, as before, that in practical 
work a loss of say 11.15 degrees would be permitted. On this 
basis, as stated, the water required to be circulated would be 72.21 
times the weight of steam required to do the work, so the water- 
pipe would necessarily have 7.407 times the carrying capacity of the 
steam-pipe, or 2.228 times the diameter, and the cost of the two 
systems of piping on the basis above explained would be as one for 
the steam to 2.97 for the water. We thus see that in doing ex- 
clusively the work for which these high pressures are principally to 
be carried, to wit, cooking, instead of the steam-pipes requiring to be 
46% times the area, or 5.8 times the diameter of the water-pipe as 
claimed, the water-pipes must have 74 times the carrying capacity, 
be of about 2} times the diameter, and about 3 times the cost of the 
steam-pipes. The relative cost of the pipes by no means represents 
the cost of operating the two systems. The water-system would 
always be at a disadvantage in this respect, on account of the high 
cost of pumping. 


It should be stated that it is proposed to use steam for power 
34 


4 
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at only 20 pounds pressure, but it is unnecessary to say that this 
would involve a very extravagant use of steam, and the size of the 
pipes would only take an intermediate position between those given 
for heating and power respectively. It may also be claimed that 
the fall of pressure available to transmit steam is limited, whereas 
the pressure available by pumping to force the water is compara- 
tively unlimited. This will not sustain investigation. With an. 
initial steam pressure of 80 pounds, a loss of pressure of but ten: 
pounds will give, in a steam-pipe 12 inches in diameter and one- 
half mile long, a velocity of fully 80 feet per second, so that there 
will be readily transmitted, through such pipe, nearly 1,700 horse- 
power of 30 pounds of feed-water per hour for that entire distance. 


The most unfavorable conditions for the transmission of steam are 


when used for cooking, where a high temperature is to be main- 
tained; but even in this case, unless the assumption be made that 
the water will maintain the ovens at 400 degrees with steam at 
400 degrees temperature, which, as has been stated, will require an 
infinite quantity of water circulated, there must be some loss of 
temperature, and as soon as it is permitted to drop, so that instead 
of fabulous quantities only 72 times as many pounds of water are 
required to be circulated as of steam, the loss of temperature of 
about 11 degrees entails a loss of pressure of 30 pounds, and but a 
portion of this difference of pressure will circulate the steam as fast 
as would be safe for the permanence of the pipes. With water the 
velocity would need to be kept down in the inverse proportion of 
its density compared with that of steam, for a similar reason. If 
the necessary loss of temperature for cooking be made up by in- 
creasing the temperature of the water, this would also, in a much 
greater ratio, increase the pressure of the steam and still keep it at 
an advantage. 

An average presentation of this branch of the subject may be 
had by examining the pressure available when the hot water and 
steam are used to furnish steam for power. In the case of the hot 
water, in order to evaporate about ten per cent. of its volume into 
steam, the reduction in temperature will be that due to a fall in 
pressure of 165 pounds, or from 235 down to 70 pounds. In a 
steain system this entire difference of pressure may be used as the 
energy which transports the steam to the point where it is used, 
and as the pumping pressure, on the principles above expressed, 
must be double this, the circulating pump would require to work 
against a pressure of 330 pounds to compete with steam, and 10.2 
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times as much water must be pumped with the water-plant as would 
be required by the steam-plant ; also the water for the water-plant 
must be pumped twice :—once at the high-pressure of 330 pounds, 
to circulate it in the pipes, and again at 235 pounds, to pump it into 
the boiler; whereas, with the steam-plant one-tenth of the quantity 
of water would be pumped, and but once : viz., into the boiler. It 
may, however, be claimed that the steam-plant must be charged 
with the power required to return the water of condensation. The 
water is returned in practice by the pressure in the heating sys- 
tems or by steam operating pumps, or pump traps which exhaust 
into the heating systems, so that no heat is wasted, and the losses 
are too inconsiderable to mention in comparison with the handicaps 
of the water system. 

The hot water circulated has been called “ superheated water,” 
because it is hotter than 212°, but, of course, water cannot be super- 
heated in the scientific sense that its temperature exceeds that due 
to its pressure. Steam may be superheated and must always have 
as high a temperature as that due to its pressure. Water cannot 
be superheated, but may, of course, have a pressure greater than is 
due to its temperature; in other words, be s4-heated, which is the 
condition that the so-called superheated water would be in when 
maintained at constant pressure the moment it imparted any heat 
to another object. 

Reference must finally be had to one point, which has been made 
to appear very important on paper. The following quotation may 
be made: 

“The fuel cost of the power develeped by the steam-engines 
employed in [a hot water] system for circulating the superheated 
water in the hot-water pipe, for pumping the used water from the 
return-pipe into the boiler, for driving the blowers, if a mechani- 
cal supply of air ts needed for the combustion of the coal, aud for 
hoisting coal and its refuse, will, owing to the peculiarity of the 


> 
» 


system, be not over one-twelfth of the similar cost per horse-power — 


developed by the most economical steam-engines employed in other 


work. In fact, the only coal required to work these circulating, 
pumping, blowing, and hoisting steam-engines is what furnishes 
the heat actually transformed into work according to the thermo- 
dynamical theory, and to supply the loss of heat by conduction 
and radiation from the external surfaces of these engines. The 
cooled water from the return-pipe will be in such excessive 
\uantity compared with the feed-water required for generating the 


| 
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steam used in the engines, that it will be enormonsly more than 
sufficient to condense all the steam worked through the engines, 
the condensed steam and the water condensing it will be wholly 
pumped back into the boiler, and there will be no rejected heat, 
as in the case of other steam-engines, which rejected heat averages 
about eleven-twelfths of the total heat of the vaporization of water. 
If the cost of the indicated horse-power in the best engines be taken 
at about 2 


2 pounds of ordinary coal per hour, that cost, with the 
engines of [a hot water] system, will be only one-tenth of a pound 
of coal per hour. The steam taken from the boilers at the tem- 
perature of 400 degrees Fahrenheit (pressure 250 pounds per square 
inch above zero) for working the engines, will be condensed by the 
water of the return-pipe at the temperature of, say, 160 degrees 
Fahrenheit, and both the water of condensation and the condensing 
water will be pumped into the boiler, sv that the total quantity of 
water In the boiler and in the hot water-pipe and in the return 
water-pipe will always remain constant.” 

With all the hot water used for power purposes rejected at a tem- 
perature of 316 degrees and that for cooking at 390 degrees or up- 
ward, how is the very large quantity of heat still remaining in the 
water to be reduced to the temperature of 160 degrees, as stated in 
the above extract? It may be said it will be used for heating 
water, boiling articles of food, heating bnildings, and such like 
uses. But what can be done with it in summer when there is no 
heating to do, and even in winter or at any other time, in fact, how 
is the surplus heat in the hot water from cooking and power appa- 
ratus to be exactly that required for some other culinary operation 
or for heating some particular building? The slightest calculation 
will show that the surplus heat will be so great that it cannot in 
practice be reduced to the temperature stated. The low tempera- 
ture of the return water could only be secured in individual in- 
stances in buildings provided with specially large heating coils ar- 
ranged to receive the water as it was about to escape to the street. 
Houses and public buildings already provided with heating appa- 
ratus would necessarily have connections made to the apparatus 
in place, and the heat would be rejected at the temperature of 
the steam used for heating, say at the temperature due to five 
pounds, as has been provided for in the previous calculation. In 
no case, as has been intimated, could it be assured that the surplus 
heat from the couking apparatus would not exceed that required 


for other culinary operations and heating the house. In seasons 
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when no heat was required, the only economical way to dispose of 
the hot water at 390 degrees rejected from the cooking apparatus 
would be to pump it back to the station at that temperature and 
at the pressure due thereto. The result would only be worse were 
it allowed to expand down to atmospheric pressure, for then a 
large portion would fly into steam and the return-pipes be filled 
with a mixture of steam and water. If the hot water were used to 
generate steam for power, the surplus heat would be so great that 
it would be impracticable to dispose of it in the same or adjacent 
buildings even during the heating season. Few factories can 
use all the exhaust steam from their engines, whereas with the 
water system there would be about tive times as much heat in the 
If part of the lat- 
ter be used for heating, the heat in the exhaust steam must be abso- 


rejected water as would be used in the engine. 


lutely wasted. In fact, at all times a very large quantity of hot water 
iniust be rejected at the tem perature of 516 degrees due to the press- 
ure, and as in the case of cooking, the only economical way would 
be to return it to the station at a pressure of TO pounds. If it were 
permitted to expand down to the pressure of the atinosphere, there 
would be 2.89 cubic feet of steam per pound of water circulated, or 
29.4 cubic teet of steam at atmospheric pressure in the returns for 
each pound of water evaporated into steam for use in the engines, and 
the volume of steam inthe return pipes would be about 60 times as 
large as that of the water contained in the same. Of course, in a 
small plant for exhibition purposes radiators may be arranged to 
keep down the temperature rejected from cooking and power sys- 
tenis; but aslight study of the problem will, as above indicated, show 
that the demands for different purposes cannot be adjusted, even in 
Winter, so as to prevent the rejection of a great deal of heat, and 
that in summer the heat in the water can practically only be util- 
ized through a small range of the higher temperatures, and much 
the greater part of the heat must be rejected, though it may be re- 
turned to the station at great cost and be saved if practical means 
are found for the purpose. 

‘The writer has thus far discussed the subject in the abstract 
without comparison with other work. At this point it may be of 
interest to state that precisely the feed-water apparatus described 
above has been used from the first in the plant of the New York 
Steam Company designed by the writer, and that we are barely 
able to condense the steam which comes back in the returns when 
half the feed-water is supplied directly trom the Croton mains to 
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make up the less due to the escape steam from high-pressure en- 
gines supplied on the lines. At times a portion of the steam from 
the pumping-engines can also be condensed in the tank, but at others 
a portion of this escapes. It is utterly hopeless to do better or even 
as well with a very much larger proportion of hot water supplied 
from the returns. 


If the present proposed system, to return the water at high press- 


ure, be changed, then, without helping the feed-water «question, all 
the old complications of the former developments of the system will 
be necessary in every house, and under some circumstances boilers 
would necessarily be used on the premises arranged to be heated 
by hot water instead of fuel. On the other hand, if steam be used 
merely, the full range of temperature is available for every operation, 
and the heat rejected due to the smaller quantity of water required 
be readily returned to the station by the surplus pressure in the 
pipes. 

It will naturally be asked what the probable cost of pumping the 
hot water will be. This requires theassumption of a certain set of 
conditions, Previous discussion has been based on allowing the hot 
water a difference of pressure at the two ends of the line of twice 
that allowed to the steam between the station and the point of use. 
On this basis, with a comparatively low pumping pressure, say a dif- 
ference of twenty pounds between the extremes of the line, the net 
power required for pumping would be somewhat more than one per 
cent. for each volume of water pumped compared with that required 
to be pumped in the boiler for a steam system. Reckoning the 
efficiency of steam-pumps at 50 per cent. on the basis of one horse- 
power for the heat required to evaporate 30 pounds of water from 
70 pounds pressure per horse-power, there would be required for 
circulating water for heating fully 11.4 per cent. of the power trans. 
mitted through the pipes: for power there would be required fully 
20.4 per cent., and for cooking fully 145.4 per cent. Higher pump- 
ing pressures would of course entail higher losses. For the steam 
plant, on the contrary, there would be required on the same basis for 
pumping the water in the boiler, a little less than 2 per cent. of the 
power transmitted, and this cost would be independent of the loss 
of pressure in transmission. The water in the returns would be 
forced back, as has been stated, by surplus pressure. It will be seen, 
therefore, that the water plant will not only be more expensive to 
construct originally, as well as more difficult to operate, but that 
the actual cost of the operation would be greater in the proportions 
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stated, independent of many other considerations which cannot here 
be discussed, which would make the cost still greater on account of 
the indirect method of doing the work. 

The resistance to explosion of the steam and of the water pipes 
could be made the same originally by increasing the thickness of the 
water-pipes proportionally to their increased diameters ; but if 
high capacities were attempted by pumping water at very high 
velocities, the pipes would be rapidly scoured out so as in time 
to become dangerously thin. In case of a break in the steam-pipe, 
the steam dissipates at once and is not dangerous. The writer has 
known a case where, through carelessness of workmen, a man was 
struck full in the body at a distance of only a few feet by a jet of 
steam two inches in diameter, issuing from a pipe at 80 pounds press- 
ure, but no injury to his person whatever resulted. Evidently, 
however, a single quart of hot water, projected in the same way, 
would have caused fearful sealds, and anything like the same quan- 
tity of water as of steam would have caused a lingering death. Hot 
water is also very destructive when the pressure is suddenly re- 


leased, and the flying particles would scald persons and do other 


injuries, even when projected long distances. 
It is interesting to see all the operations of cooking performed by 
hot water of high temperature, but evidently every one of these op- 


erations could be performed equally well by steam with the pressure | 


due to such temperature, and all the operations would be much more 
simple and economical. In other words, the advantages due sim- 


ply to high pressure are claimed for hot water. It may be said that _ 


the hot water at the high temperature onght to be compared with 
steam at the pressures ordinarily carried, but the steam can be 
supplied at the high pressure much more readily than the water. 
There is, however, a separate question as to the relative advantage 
of transmitting steam at the high pressure of 235 pounds referred 
to above, compared with a transmission at a pressure of 80 or 90 
pounds corresponding to that ordinarily used in practice. Evidently 
the lower pressure will supply all the steam which is required for 


heat and power purposes quite as well as if generated at the very 


high pressure. The only possible object in increasing the pressure 
would be to do some kinds of cooking which cannot be done with 
the lower pressure, and it may be claimed to save something in the 
size of pipes. So far as the latter is concerned, the increased thick- 
hess must also be taken into consideration. The culinary opera- 


tions which require the greatest amount of heat are the heating of 
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water and the boiling of meat and vegetables. This ean be done 
with perfect satisfaction with a steam pressure but little above the 
atmosphere, say at the ordinary heating pressure of 5 pounds or 
under. Meat may be roasted and browned satisfactorily if put in 
steam-jacketed vessels directly on the metal with a steam pressure 
of 40 pounds. , This is done every day in many saloons. Of course, 
steaks and chops can be cooked in the same way if desired, though 
without the aroma of slightly scorched meat as in broiling. Cake and 
bread can be cooked but not browned with a steam pressure of 80 
pounds. The higher pressure of 235 pounds is*only required for 
such operations as broiling meat, and for the baking and satisfactory 
browning of bread and cake. But little bread is baked in private 
houses, and that required may be sent either to the baker’s or be done 
in the house by customary methods ona particular day of the week. 
The other operations stated as requiring a high temperature can 
readily be performed at very slight expenses with gas-stoves. When 
the comparatively small income to be derived from this particular 
work is considered in connection with the enormous cost required to 
do such work, particularly with hot water and also to some extent 
with steam, it appears to the writer that it will not pay to go to the 
extra expense and risk necessary to carry steam or the more expen- 
sive hot water at such high pressures for this purpose alone, and it is 
hoped that this presentation will enable others who are required to 
assume responsibilities in this direction to judge for themselves 
what limit, everything considered, is the best to adopt. 


DISCUSSION. 


Mr. C.-T. Porter.—I lave great pleasure in agreeing with the 
] 


conclusion of the paper, and the only thing that I propose to say, is 
to tell a little story, which looks very much at first as if it would 
help the other side. It is interesting in itself, however. Quite a 
number of years ago, in the city of New York, we had a very severe 
winter, which froze our water-pipes very seriously indeed. We 
had more trouble that winter than ever before. Mr. Samuel! 
Sloane, who is not so well known to the present generation as he 
was to the last, but who was one of the most gifted men we have 
had (he was the inventor of the gimlet-pointed wood screw, and 
the machinery for making it), applied his ingenuity to meeting 
that difficulty of freezing pipes, and the next fall, at the Fair of 
the American Institute, he exhibited a very admirable apparatus 
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by which he thawed out an ordinary lead pipe which was laid in 
a long trough filled with a freezing mixture, and while the pipe 
remained imbedded in this freezing mixture, he thawed the ice 
through it at the rate of a foot a minute. Before he put his 
apparatus in operation there, he asked me, “Can you tell me 
which contains the most heat, a cubic foot of steam or a cubic 
foot of water, at 212 degrees?” I told him water contained 
about three hundred times as much heat as an equal volume of 
steam at atmospheric pressure. “ That explainsit,” he said; “1 
could not do anything with steam, but as soon as I tried hot wa- 
ter T was successful.” 

The hot water was discharged from the end of the internal 
tube against the ice, and flowed back through the annular space, 
and so thawed out the pipe, and kept it thawed out right through 

this freezing mixture. Mr. Sloane expected to make a fortune 
out of that invention, but I doubt if he ever sold one apparatus, 

In this case water impinged against a very small surface, 
and it would part with all of its heat at that point, and it was 
only necessary that it should remain warm enough not to 


freeze in flowing out. The advantage of water over steam there 
shows that a universal rule cannot be made to apply to all 
cases. But the cases in which water has an advantage over 
steam are very few. Steam takes itself anywhere upward, and 
returns in water to the boiler, while water requires to be pumped. 
Steam will rush along at a great rate when wanted, and although 
the heat in a eubie foot of steam is so much less than that in a | 
cubic foot of water, still, if there is condensing surface enough, it 

is quite as efficient. 

Mr. G. H. Babcock.—If the question before us were one of the 
quantity of heat which could be carried by a given sized pipe, of © 
a given length, in ¢ given time, the problem would be a simple | 
one, The approximate weight of any fluid which will flow in one 
minute through any given pipe with a given head or pressure may © 
he found by the following formula : 


j | Jr _ 
W = 300 as L{1+ 3.6) 


in which W = Weight per minute in pounds 


d@ = Diameter of pipe in inches, 


| 
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2voirdupois, 
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. PD) = Density or weight per cubic foot, 
= Pi — P2 = Pressure per square inch tending to produce flow, 
and 
L = Length of pipe in feet. 
Where the pipe and pressure are the same, the only variable is 
the density, so that 
- 
Wa 
Now, the quantity of heat transmitted is equal to the total heat 
per pound multiplied by the number of pounds. *=s* 
Let Q@ = quantity of heat per minute, and 
_ H = total heat per pound of the fluid, 


then 4 


With steam /7 increases gradually but slightly with the tem- 
perature, while the density increases in rapid ratio. With water 
H increases nearly in the ratio of the temperature, while D de- 
creases slightly. It will therefore be seen that with both these 
fluids Q will increase with the temperature, but most rapidly with 
steam. Assuming a constant motive pressure, the curve for 
water is practically a straight line, while for steam it rises rapidly, 
so that it is evident that the values of Hand D are approaching 
each other, and that where they cross the value of ( will be the 
same for both fluids. This will oceur at about 1200° tempera- 
ture, when the pressure will be about 21,000 pounds to the inch, 
and the total heat per pound would be about 1,400 units. The 
diagram (Fig. 163) shows the two curves intersecting at that 
“point. 

But this is not a solution of the problem, because it is not a 
question of how much total heat may be transmitted, but of how 
much available heat. This will depend upon the temperature at 
which the water from each system is rejected at the point of use. 
This will, of course, be dependent upon circumstances; but 

assuming that it is the same in each case, and putting it at 
as the minimum, this amount must be taken from the ‘value 
of H before it is multiplied by the square root of the density. In 


the case of water this gives us a line nearly parallel with but 


gradually approaching the curve of total heat, while the steam 
curves are divergent. The two show, however, a nearer approxi- 
mation to equality. A higher temperature for the discharged 
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Fia. 163. 


water will show still more to the disadvantage of the water system 
as compared with steam, and it needs to be carried to only about 
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300° to overcome the apparent advantages of water over steam, 
and reverse their relative positions. This will occur when the 
system is used for power. 

But an equal amount of surface will not dispose of the same 
amount of heat in equal times, when supplied with water, as it 
will when supplied with steam. The experiments of Tredgold 
show that a square foot of cast-iron surface exposed to hot water 
upon the one side and air upon the other will give off 1.85 British 
thermal units, while a square foot of sheet-iron will give 1.24. 

—Itis fair to suppose that the wrought-iron pipes ordinarily used will 


be a mean between these two, giving only 1} units per hour for 


each degree of difference in the temperature. With steam-heated 
pipes, however, 3 British thermal units for each degree of differ- 
ence in temperature is the usual allowance. It will therefore 
require twice as much surface to heat a building to the same de 
gree with the water as with the steam system, both being at the 
same temperature, while at the same areas of heating surface the 
water will part with one-half of the heat in a given time. The 
reason for this difference is not difficult to see. When steam is 
cooled below the normal temperature of the pressure, it instant] 
condenses and makes room for another supply of steam to take 
its place, so that the heating surface is always supplied with 
steam at full temperature. With water, however, the tilm of 
water lying next to the surface parts with its heat and is cooled, 
after which it does not give way for hotter water to take its place, 
but remains as an impediment to the transmission of the heat 
from the hotter water within. As a practical means, therefore, 
of heating buildings from a central station, it would seem that the 
water, although capable of transmitting, under usual conditions, 
a greater amount of heat in a given time, will not be able to util- 
ize the heat thus transmitted without a much greater increased 
expenditure for heating surface. 

Mr, Geo. M, Bond.—1 would say that in the manufacture of paper 
barrels, which has been perfected by a company having built their 
machinery in Hartford, the use of hot water is found to be far 
superior to steam in drying the pulp of which the barrels are 
made. Steam was first tried, but was found to act too slowly for 
the operation. With hot water the barrels are dried in about 
seven minutes almost as hard as a piece of seasoned lumber. 


TESTS OF THE COMPARATIVE VALUE OF DIFFER- 
ENT KINDS OF BELTING. 


HY SAMUEL WEBBER, CHARLESTOWN, N. H 


(Member of the Society.) 


Tue arrangements for the different experiments, of which the 
results are shown in the accompanying tables, were made early in 
the summer of 1886, but various circumstances prevented their 
execution until December of that year, when they were taken up 
and continued during a period of several weeks. 

When the tests were begun, the writer was unaware of the 
experiments made by Messrs. William Sellers & Co., which were 
described in a paper read by Mr. Wilfred Lewis* in May, 1886; he 
might then have so designed his apparatus as to have been able to 
eontribute some farther information as to the relative value of 
T' and 7°, or the tension on the driving and slack sides of the belt, 
and he would probably have adopted the arrangement described by 
Mr. Lewis for determining the s/ip, as more accurate and positive 
than the one which he thought of and used for that purpose. 

As his intention was, however, rather to determine the relative 
driving capacity of various kinds of belting than to establish any 
formula by which such belting might be applied, the apparatus 
which he used answered the desired purpose very satisfactorily, and 
the results obtained; when compared with those furnished by Mr. 
Lewis and Professor Lanza in a previous paper,t may aid in estab- 
lishing some such definite formula for practical use, 

The apparatus employed, as shown in the accompanying plan and 
elevation (Figs. 109 and 110), was as follows: A is the main shaft in 
the room, driven direct from the engine which furnished the neces- 
sary power for the belt factory where the experiments were made, 
by the main belt J, which led from an 8 ft. pulley on the engine 
to one of 4 ft. on the main shaft. The engine had a “ Wheel- 
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ock” cylinder, 10” x 30”, was making 60 revolutions per minute, 
and was ordinarily used with a boiler pressure of 60 Ibs. per inch. 
Shaft A, therefore, made 120 revolutions per minute, and from 
a 24” pulley on it, the belts to be tested were taken to a similar 
pulley on the brake-shaft IZ, which was supported from the floor, as 
shown in the elevation, at a height of 2 ft. above it, and carried the 
friction pulley C, 24” diam., 7” face, with flanges 1” deep, which kept 
the brake Bin position. The two shafts were 12 ft. 6,4" from 
center to center, having a horizontal distance of 11 ft. and a ver- 
tical of 5 ft. 6”, and the direction of the belt was such as to bring 
the strain on the under side, leaving the slack side on top. The 
brake was made of two pieces of spruce timber 7 ft. square and 9 ft. 
6" and 3 ft. 6” long respectively. These were scooped out to a 
depth of 3”, with a radius of a 2-foot circle, and grooved in * her- 
ring-bone” grooves around the curve to admit of the free passage 
of the Jubricant, which was simply strong soapsuds, and was fed 
from the cans 8S S on the top of the brake. 

The vibrations of the brake were controlled by the “ dash-pot ” 7” 
which was 8} interior diameter and 12” deep, with a piston hav- 
ing a clearance of rather less than 4y inch. 

The radius of the brake circle was 5 ft. 34", scant, being as 
near as possible to 5.252 ft., or the radius of a 33 ft. circle. 

This dimension was adopted to facilitate the calculation of the 
horse-power attained on the spot, as it was only necessary to 
multiply the weight shown on the scale by the Zép m of the pulley 
to get the power at once by striking off decimals. The number of 
revolutions of the brake-shaft was ascertained by counting the 
seconds between the strokes of the bell Z, which, by means of a 
worm and gear, was rung every 100 revolutions of the shaft. 

A worm gear and dial // were driven from the main shaft by a 
cross-belt on grooved pulleys, and an observer at that dial counted 
the revolutions of the main shaft corresponding to 100 of the 
brake-shaft, by letting the pointer on the dial, which was an easy 
tit on the shaft, start when the bell rang on the brake-shaft, and 
noticing the point it had reached at the next ring. This apparatus 
was all so light that there was no possibility of slip or lost motion 
in it. 

Before commencing the tests, the brake was perfectly balanced 
by suspending it by means of the hook A, placed directly over the 
center of the pulley, with the scales attached, and the dash-pot 
filled with water and the piston in place. After the weight G was 
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— ascertained and adjusted, it was never changed or removed, and the 
brake was never known to move from any nearly level position in 
which it was left, after releasing it from the pulley. 

To facilitate the operation of weighing, a spring balance was 
used, obtained of Charles Forschner, of New York, having a dial 
graduated to 250 lbs, This was found to be capable of weighing up 

to 30 lbs. more, after describing the circle, but was not used to that 
extent, although occasionally strained to register 10 lbs. over, or 
260 

This was carefully tested and found to be entirely accurate, and, 
with a companion of the same size, was used in getting the strain — 
applied to the belts, when, later on, the two, by the use of levers, 
being made to register 1,000 Ibs. 

The dash-pot checked the vibrations of the brake-arm so that we 
were able to read the scale very accurately, and it proved a very 
rapid and easy method of determining the load on the brake. 
Having provided ample surface for the friction, in the brake and 
pulley, the whole apparatus worked smoothly and perfectly, and 
the only trouble encountered was the inability of the engine to fur- 
nish sufficient power to test fairly a 12” belt. 

One attendant was employed at the brake lever to screw up the 


nuts of the clamp, and another to keep the soap cans filled, and 
Mr. F. IH. Underwood assisted me in the count of revolutions, 
checking each other at every experiment. 

The hook to which the scale was attached had a sharp knife- 
edge, which was set as accurately as possible to the exact distance 
from the center of the shaft required for the radius of the 33 foot 
circle. I have been thus full in my description of the apparatus 
used, because I have found the want of it, in reading other papers, 
not being able to follow all the results clearly. 

The engine was supposed by Mr. Underwood, when the tests 
were proposed, to be of 85 HP., which is higher than I should rate 
it, and we found it impossible to make the more important tests 
While the factory was in operation, and had to do them at dinner- 
time and in the evening. Each test occupied from half an hour to 
an hour and a half; and another belt was then put on the pulleys 
and allowed to run without any load but that of the brake-shaft and 
pulleys for half a day before testing, in order to let it get fitted to 
the pulleys as much as possible. 


The insufficiency of the engine is clearly seen in the loss of speed 
in the driving-shaft, as the load was increased, and as the main belt 
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was taken up 3 inches after the first preliminary tests, and no sign 
of slip in that noticed afterward, this loss of speed can only be 
due to the engine. In one or two tests, slight variations can be 
noticed due to forcing the fires so as to get 75 lbs. of steam on the 
boilers. 

Table 1 gives the result of the tests of an ordinary leather belt, 
in good working order, taken off one of the machines in the fac- 
tory, and of a 2-ply leather-lined canvas belt of the same length, 
width, and weight, put on merely as preliminary experiments, be- 
fore the scales for weighing the tension were ready; to test the 
operation of the brake. 

Tables 2 and 3 contain the records of the tests of a heavier 
“ cotton-leather ” belt, as it is designated by the makers, the details 
of which are fully explained in the tables. It will be seen that it 
was tested uncer two different tensions, and under the heavier ten- 
sion, at two different velocities. 

Tables 4 and 5 give the results, with one of the well-known best 
single leather belts, entirely new, as were all the others, but being 
somewhat rigid, not giving quite as good results as it would have 
done after six months’ use. Changing the side to the pulley 
showed no essential difference. Not getting entirely satisfactory 
results from it, at the width of 12 inches, it was, together with 
the 12” raw-hide and the cotton and leather belt of the same width, 
split down to 84 inches, and tested again, as shown in Zudle 6. 
This belt did not appear to have stretched any more, after the 
strain of 1,000 Ibs. was first put on, as noted in Zuh/e 5, but did 
not even then appear to have fairly fitted itself to the pulley. 

Table 7 contains the results of the test of a cotton duck belt 
which requires no farther explanation than is given in the table. 

Table 8 gives the record of the tests of a remarkable structure 
of leather and iron, known as a “link belt.” No farther comment 
is needed than that given in the table to show the incorrect princi- 
ple on which it is constructed. 

Table 9 shows the tests of a woven canvas belt, woven 4-ply, 
not stretched like the belt in Zable 7. When received, it smelled 
very strongly of linseed-oil, and appeared to have been dusted over 
with powdered soapstone, which caused it to slip very badly on the 
first trial with a light strain, but on the application of a strain of 
1,000 lbs., gave very good results, and but for want of time and 
an unwillingness to spoil the belt, would have been cut down to 84 
inches, and tested farther, and on other pulleys. . 


Table 10 is that of a first-class rubber belt, which is fully ex- 
plained. It will be noticed that it showed no signs of slip in any 
test until it went off finally, and on the last one was found to be 
somewhat “demoralized,” the rubber chafing in places. The last 
tension of 834 Ibs. per inch was probably greater than should have 
been applied to the belt. 
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Table \1 gives the first series of tests of what was called a “ raw- 
hide belt,” which I suppose to have been the same material as 


that mentioned by Mr. Lewis, in his paper, under the same name. 
Although this could not be called strictly © raw-hide,” it was evi- 


dently prepared in some manner which was not ordinary tanning. 
It possessed great softness of surface and flexibility, and hugged 
the pulleys in a wonderful manner, and, as is shown, slipped very 
little, until the tinal test. 


Table 12 shows the result of trials of the same belt, on wooden 


pulleys, when the power of the engine was practically exhausted, 
and the belt was then cut down to 8} inches, and the test repeated, 
as shown in 


Table 18. Here the belt was simply laced as before, in the old 
holes, but the original strain of 1,000 lbs. now gave 117.7 lbs. per 


inch, and while giving a higher power ‘per inch of width than be- 


fore, the strain stretched the belt permanently, as it was found to- 


be much looser when laced on to the paper pulleys, and the tension 


Was meusured at the end of the trials on them, and found to have> 


shrunk to 660 Ibs., while the belt, when taken off and measured by 


the 34" strip which had been split off, was found to have stretched 


1} inches. This may possibly have been partially done in the trial 
on the wooden pulleys, while of the full width of 12 inches, but was, 
I think, mainly due to the strain of the test after reduction of — 
width. 


It will be seen that this final test on the paper pulleys varies but — 
very little from the results obtained from the new leather belt, 
which did not seem to have stretched any more than noted in the 
tables, 

Table 14 gives the results obtained with a plain canvas belt, such 
as used by the Underwood Manufacturing Company, as the basis 
for their cotton-leather belt, the first trial of it being made just as 
it came from the factory, the second one after it had been sized, 
and the third of the same belt under double tension. 


These ure mainly interesting as showing the impossibility of 


obtaining any great friction from simple woven canvas. 
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Tables 15 and 16 show the results obtained with a 12” cotton- 
leather belt, under different tensions on iron pulleys, and under the 
highest tension on wooden pulleys, and Zable 17 gives the records of 
the same belt cut down to 8} inches on the wooden and paper pulleys. 

It will be seen that this belt did not stretch, but retained its ten- 
sion after the last test, and it will also be noticed that the slip on 
the wooden and paper pulleys was very slight to the end. 

This belt consists of a firmly woven duck or canvas, which is first 
stretched by running it at’a high speed over pulleys, which are ad- 
justable by means of screws to any required tension, and after the 
stretch seems to be thoroughly taken out of it, a thin and soft 
leather lining is cemented on to one side, under heavy pressure, so 
as to make a holding surtace to be run next the pulleys. The can- 
vas is woven two, three, four, or more “ plies” in thickness, and of 
any desired width; and a sample of this, and of the other belts 
tested, are exhibited herewith. 

It will be seen, by examination of these tables, that they fully 
corroborate the conclusion arrived at by Mr. Lewis, as to extent of 
slip with which a belt will remain on the pulleys, and which, as 
shown by his experiments, seems to be about 20 per cent. 

In determining the co-efticient of effect, or friction, which I un- 
derstand to be the same thing, I have simply divided the power 
shown by the brake by the sum of the tensions, 7’ + 7°, or twice 
the strain with which the belt was laced on, multiplied by the 
speed of belt in ft. per minute. 

This is the only way in which I can look at it, and although I 
have not succeeded in obtaining any co-efticients of over 100 per 
cent., these results only agree with the old axiom, that “a part can- 
not be greater than the whole.” 

It will be seen that the “rawhide” belt, as well as the cotton 
and leather belt, gave co-efficients of over 50 per cent., and the 
writer is of the opinion that the new leather belt would have reached 
50 per cent. had it been well oiled and flexible, as it might become 
after six months’ use. It had been kept some time in a warm 
dry room, and was rather stiff, and does not seem to have given 
the power which it ought. It certainly was in no wise stretch: 
or injured in the experiments. 

In a little volume which the writer published a few years 
since,* he endeavored to harmonize a number of rules given by 


* Manual of Power for Machines, Shafts, and Belts. D. Appleton & Co., 
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different parties, for determining the width and horse-power of 
belts, all using as a factor the amount of surface contact. Sub- 


sequent experiments of his own, which were reported at the Hart- 
ford meeting of this Society,* in the spring of 1881, finally con- 


vinced him that the extent of surface had nothing to do with the 


matter, and that the “are of contact” was the only factor to be 


considered, and that with an assumed co-efficient of friction of 50 
per cent., the following formula might be safely adopted. 
This only requires the initial knowledge of the tension with 


which the belt is put on, and which may vary from 330 to 350 Ibs. 


per sq. in. of belt section. With the exception of this change in 
formula, the writer sees no reason to change any of the views or 
tables expressed or published in the aforesaid “ Manual of Power,” 
as these tests fully confirm them and show a much greater power 
obtainable from a single belt than that deduced by Mr. Lewis from 
Mr. Nagle’s theoretical formula, 

The proposed formula is as follows: 


No. HP. x 33000 x 180° 
vel, in ft. y f strain in Ibs. } 
per min. ( perinch width 


Width in inches = 


x are Of cont. 


and 


4 


HP ae vel. in ft. x strain per in. X width X are of contact 
33000 x 180° 


With the strain known, or assumed, these results are easily attain- 


able. 
Agreeing fully with the views expressed by various gentlemen 
at the Chicago meeting, that there is yet a good deal more to be 


learned about this matter, I have made this paper as full as possible 


of the facts regarding the experiments, on which Mr. Underwood 
and I have spent many weeks, leaving the matter open for any one 
to deduce as many theories as possible. The results fairly prove 
the great driving capacity of that style of belt to test which these 
trials were planned. 


* Trans. A. 
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t> TABLE I. 


Record of Belt Tests at Underwood M’f’g Co.’s Shop, Tolland, Conn., December 
15, 1886. One old leather belt in good order, 3 in. wide, 4 in. thick, 31 ft. 2 in. long. 
Weight, 63 Ibs.; strain on belt not taken; stretched to 31 fi. 4° ; iron pulleys, 
crowned inch. 


Ft. perm. | 7! + 7? Ft. perm. 
Slip. speed Total or to 1 HP. 
belt. | strain. friction per in. 
117.6 2¢ 04” | 
117.6 | 2.95 = 
115.4, 3.4 3.8% 754? 
100 $3.5 5.6 754 | 600 
Belt slipped off entirely. 


Lbs. Rpm. 
on brake. Rpm. | 


One new 2-ply cotton leather belt, 3 in. wide, 31 ft. 2in. long ; weight, 73 Ibs. ; 
4" thick, put on with strain (not taken) ; stretched to 31 ft. 4)". Iron pulleys. 


Lbs. | 


> Rev. | | Ft. perm. | 7’ per m 
on brake, Pm. HP. 


driver. | | | tral in 


630 
504 
4 
8. 414 
13. 

86 20 ¢ $23 
Belt slipped off pulley ys. Main belt adiathe slipped also, Speed of 
driving-shaft uncertain. These two belts were put on to try the working 
of the brake, were cut the same length, and thrown on to pulleys with- 
out weighing tension. 


4 
4.95 
5.35 


| 
| 


> Undetermined. 
Undetermined. 


TABLE IU. 


Record of Belt Tests at Underwood M’f’g Co., Tolland, Conn., December 16, 
1886. One 5-ply cotton leather belt, 31 ft. 2) long, 5’ wide, ;" thick, 19 Ibs., 
stretched to 31' 44", with strain of 380 !bs., 76 lbs. per in. Iron pulleys, crowned 


inch. 


| | Coeff. | Belt 
Ft. belt | effect | Ft. perm. 
me per min. | 7 or to HP. 
| 
| 


friction, per in. 
98.3 


4110 82.2 | 21. 


115 Belt off pulle main elt to lip also, the of 
driving-shaft uncertain. 


Lbs. 
on brake. 


50 120 
60 120 
70 115. 
75 115.! 
80 115. 
85 118. 
90 109 


ore 


oe 


le 
15 
35 
B80 
10 
45 
50 
i0 
9 
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December 30, 1886. Same belt with same teusion, on Dodge’s wooden pulleys 
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crowned | inch. - 
bs. ev. t. belt fect t. perm, 

on brake. Rpm. H.P. driver. | Slip. per min. fe Fe)" or to HP. 

| friction. per in. 

30 120 3.60 120 0 754 760 .207 1,047 
40 120 4.80 120 0 754 760 276 785 
50 120 6 120 0 754 70 BAS 628 
60 117.6 7.05 117.6 0 739 T6H0 415 524 
70 117.6; 8.21 117.6; 0 739 760 483 450 
80 117.6 9.32 117.6 0 739 760 548 396 
90 118.2 10.19 113.2 0 Til 760 . 622 348 
100 100 10 115.4 13¢ 725 760 600 362 


Belt still on pulleys, but test stopped on account 


slip. 


TABLE 


II. on iron pulleys, with strain of 584 Ibs. 


Lbs. 
on brake. 


50 
60 
70 
SO 
90 
100 
110 
120 
125 


Same belt, January 5, 1887. 


Rpm 


120 
120 
117 
117 
114 
111 
109 
105. 
100 


6 
6 


on driving-shaft. 


Lhs 
on brake. 


Rpm. 


230 
226. 
yoo 


214.3 
214.; 


210 
206. 
200 
200 
200 
200 
196. 
184. 


11 


20 


23 


.29 


2.63 


Rpm, 
driver. 


120 
120 
tye 
117.6 
114.3 
112.2 
112.2 
111.6 
112 


Rpm. 
driver. 


120 

117. 
115.5 
111.5 


111.5 | 


109. 
108 
106 
106 
106 
106 
106 
101.5 


Slip. 


10.75 


Slip. 


.50 
.50 
.50 
.50 
.10 
.50 


Stopped test in good order from loss of power. 


Ill. 
Record of Belt Tests at Underwood M'f'g Co. 


of evident loss of power by 


Same 5” belt reported in Table 


117 lbs. per inch, January 6, 1887. 


Ft. belt 


per min 


754 
754 
739 
739 
718 
704 
704 
698 


704 


( 
1 a 


‘oeff. 
ffect. 


1,168 
1,168 . 266 
1,168 
1,168 560 
1,168 
1,168 
1,168 .480 

1,168 511 
1,168 | 


Ft. belt 
per min 
per HP. 
per linch 


628 
524 
449 
392 
348 
317 
293 


280 


Ft. belt 


per min. 


Same strain, increased speed from 46 


Th + 72. 


Coeff 
effect. 


| 1,168 .180 
1,168 .224 
1,168 .248 
| 1,168 .270 
1,168 .815 
1,168 260 
1,168 
1,168 
1,168 .487 
1,168 .509 
1,168 .53 
1,168 | .544 
1,168 


iron pulley 


Ft. belt 
per min. 
per HP. 


per 1 inch. 


783 
626 
569 


448 
392 
349 
319 
290 


wid 

266 
Onn 


254 


Stopped in good order, but power reduced beyond maximum, from over-loaded 


engine, 


* Raised higher steam in boilers. 


a 
> 
4 
q 0 
0 
| 0 
0 
0 
1.08 
2.85 
5.65 | |_| 
— 
4 
40 9.23 0 | 1,445 
50 1.32 0 | 1,417 
| 12.22 0 1.391 
60 2.86 0 1,343 = 
70 5 1,343 
80 6.84 
8.62 
100 0 276 
110 276 
115 3 276 
4 276 
125 4.59 276 
130 | 4. 222 || 
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TABLE IV. 


Record of Belt Tests continued on iron pulleys. Best quality single 
Leather Belt, 12’ wide, 4" thick, weight 344 Ibs., cut 31 ft. long, stretched 2} 
inches, with 520 Ibs. strain; 2 inches added to make Jength 31 ft. 44°. Strain 
= 43} Ibs. per inch. December 16, 1886. 

Belt ft. 


Rev. Belt. Coeff. 
HP. driver. SUP. per min, ftect. HP. 


Lbs. 


on brake. Rpm. 


| 
| 


50 3.2 | 5.65 120? | ? 54 ? 1,040 .2857 1,6002 
? 
9 


60 | | 6.65 120? 1,040 .8367 | 1,38602 
1,040 .423 ? 1,267 
1,040 R51 1,300 ? 


70s 7.14 120? | ? 1 ? 
80 6.96 120? 
; 85 Belt slipped off. Tension too light to give any result of value. Main belt 


also slipped, and 3 inches were cut out of that 


December 21, 1886. Same belt repeated with strain increased to 75) Ibs., 
62) lbs. per inch. 2” previously laced in, and 23 in. more, cut out. 


| 
Ft. belt 

Coeff. 
effvct. per in. 


| 


Driver | ; 
Rpm. | HP. rey. per Slip. ae. 


min. 


Lbs. 
on brake. 


| | 
112 5. | 112 704 ,500 1.508 
112 | 112 704 500 a 1,257 


111 111 697 500 24! 1,076 
109 8.7: 111 697 500 .275 | 939 
107.: 110 55 691 500 | 850 
103. 109 685 500 | 795 
101.: 12 | 108.8 684 500 | 738 

| .64 | 108. 4 680 1,500 700 
87 105.2 | 17.% 662 1,510 36 730 

Belt slippe d off pulleys. Strain evidently too light to get power of belt. 


TABLE V. 
Record of Belt Tests continued, December 21, 1886. 12’ Belt continued, with 
strain of 1,000 Ibs. = 834 lbs. per inch, 2} inches cut out to butt, grain side to 
pulley. 


Belt ft.per 
Ft. belt | Coeff. 
effect. HP. Pin. 


Lbs. | Rev. 
brake. * | river. | Slip. | permin. 
| | 


50 | 125. 5.75 | 115.4 | 
60 5. f 115.4 
70 3.5 7.92 | 113.2 
80 i 111 
90 ‘ 111 
100 111 
110 111 
120 B.S 2.50 | 110. 
130 3.5 108 
140 108 
145 107 


| ‘ 2,000 131 

2) 2,000 .157 
2.000 .161 
2,000 .214 
00% 2,000 .234 
.96 2,000 .258 
91 2,000 280 
85 | 69: 2,000 800 
66 | 2.000 822 


41 | j 2,000 
25 | 2 2,000 .850 
150 105.7 00 | 2,000 | .355 
160 92.: 77 | 16 | j | 2,000 . 869 
165 14.35 114 17.3 | 2,000 


4 
660 
80 
7 90 
(110 
ie 
185 
124) 
1,260 
1,077 
942 
845 
768 
709 
665 
614 
582 
565 
557 
538 
Ta | 600 
id 
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December 29, 1886. Same belt reversed, flesh side to pulley. 


Lbs. 


on brake. 


170 


December 31, 1886. 
Grain side to pulleys. 


iP. 


| 

Rev. 
| driver. 
| 


115.4 


114.3 | 
113.2 | 


112.1 
111 
110 
109 
107. 
106 
106 
105.3 


Slip. 


| 


2,000 
2,000 
2/000 


2,000 | 


2,000 


2,000 | 


2,000 
2,000 
2.000 
2,000 


9 ,000 


196 


Belt slipped from pulleys without pre vious warning of “ 


Lbs. 
on brake. 


80 

90 
100 
110 
120 
130 
140 
150 
160 


jelt Tests continued, January 8, 1887. 


Rpm. 


120 
120 


117.6 
117.6 
117.6 
113.2 
105.: 


93 


driver. 


120 
120 
118.8 
117.6 
117.6 
117 
118.! 
118 
112.5 


TABLE VL. 


| 


| 
Slip. 


| 

61 
76 
17.33 


Ft. belt 
per min. | 


Coeff. 
effect. 


Same belt, same tension on wooden pulleys, crowned } in, 


Belt ft_per 
min. per 
HP. 1 in. 


| 

754 
754 
746 
739 
739 
73 

746 
740 
706 


Same Belt, cut down to 8h" 


.210 

263 


ou 


or 


Stopped on account of loss of p powe r from om ‘belt still on pulleys, 


width, 


but 


laced in same holes as last test, giving apparent strain of 1,000 lbs. or 117.6 Ibs. 
per inch. Dodge’s wooden pulleys, crowned 4 inch, 


Lbs, 
on brake. 


50 
60 


Rpm. 


117.6 | 


117. 
117. 


114.: 


113. 
109 


107.2 i 
Belt slipped off pulleys. 


5.88 


15 
.23 
.14 
.19 
.90 


Rev. 
driver. 


Slip. 


aly. 
117.6 
117. 
114. 
110.2 


111.4 


Ft. belt 
per min. 


Ft. beltper 
min. tol 
HP. perin. 


2,000 
2/000 


1,508 
1,240 

1,077 
942 
837 
762 


Til 


| Ft. Beltftper 
rts) 115.4 8.62 | 725 009 
114.3 9.14 718 942 
113.2) 9.62 711 887 
90 112.1 10.09 0 | 7. | a 6 837 
100 111 11.11 0 | 697 3 53 
110 12.10 | 6a () 685 
120 109 13.08 0 685 627 
107.1 | 18.92 0 672 | 580 
140 106.2 14.87 0 667 | .368 538 
a 150 106.2 15.938 0 667 | 394 | 502 
0 472 
= 
| 
| 9.60 0 2,000 
10.80 0 2,000 
11.88 0 2,000 
12.94 2,000 
14.01 2,000 
15.29 2.000 
15.85 2'000 
15.80 2,000 
|| 14.88 2.000 | 
me Bs eee | 
— 0 739 13 
0 739 .16 
0 739 .18 
80 | 718 2,000 | .21 ‘ 
0 711 2,000 .23 
100 | 1.09 692 | 2,000 26 
120 
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January 4. Same belt, same strain, repeated on paper pulleys, from Westing- 
house, Church, Kerr & Co., crowned 4 inch. 


| 

| Ft. belt pe 

Rev. | Ft. belt |, 

| driver, | per min. mem. 


Lbs. 
on brake.) 4 
HP. perin. 


50 120 120 5: 2,000 1,508 
60 120 + 120 | 7 2,000 1 1,256 
70 118.8 8.3% 118. 746 2,000 1,076 
80 117.6 9. 117.6 73s 2,000 ‘ | 942 
90 .48 116.5 3: 2,000 ; 
100 115.: 115. 2 2,000 T4 
110 115.<¢ 2.66 115.: 2! 2,000 685 
120 114.; 3.7 114.: 2.000 628 
130 113.° 113.° 2,000 580 
140 113. 5. 112. 7 2,000 538 
150 110 16.3 111.° 2,000 507 
160 108 =| 17.28 133.5: 4: 70 2,000 491 
170 Slipped off pulleys. 


f 


Belt Tests continued, December 18, 1886. 4-ply Belt, 12 wide, 43; thick, 
weight 41} lbs., 31 ft. long. Stretched 13} inches, with strain of 520 lbs. or 43} 
Ibs. perinch. Cut out 9” to butt at 31 ft. 44. Tron pulleys. 


Ft. belt per 
min, tol 
HP. per in. 


Ft. belt 
Rpm. per min. + T?. 


Lbs. 
on brake. 


| 
60 120 20 754 | 1,040 1,256 
115.4 05 729 1,040 | 1,087 
113.2 49 | 2. 729 «1,040: 1,030 


105.4 | .43 5 8.4% 722 1,040 1,028 


8 | 92.3| 7.85 2.9 | 667 | 1,040 | .: 1,020 
90 Belt slipped off pulleys. 


December 24. Same Belt continued, with 750 lbs. strain, or 62.5 Ibs. per inch. 
Stretched 2” more to butt. 


Ft. belt per 
Lbs. Rev. Ft. belt Coeff. : 

4 T™ + T?. min, to 1 
on brake. driver. | per min, effect. Wp per in. 


7.06 739 .210 | 1,256 
8.08 | 115. | 725 | 1,077 

8.72 | 5 §.22 | 722 266 993 
105.3 9.48 ' 111. : 698 800 883 
Belt slipped off pulleys. 


100 
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out to butt, 


BELTING. 543 


December 24, 1886, Same belt, 1,000 Ibs. strain = 83) Ibs. per in. 8 in. cut 


| 


135 Belt slipped off pulleys. 


 -Having stretched this belt from the beginning 184 in., the te 
farther. 


Belt Tests continued, December 18, 1886. 


Link 


~ so much in length that 8 inches had to be added to make it 
with strain of 750 Ibs., {8 in. thick. Iron pulleys. 


Stopped from excess of slip, and fear of shaking down the 


December 29, 1886. Same belt repeated with 1,000 Ibs. str 
in., in putting on which a link was taken out, or 1); inch. 


Belt slipped very badly, but could not slip off, but b 
Supporting hanger. 


ibs. | ev. | belt Coeft, Ft-beltper 
on Rpm. HP. | Blip. min, | T+ T°. HP. perin. 
60 120 7.20 120 0 754 2 000 157 1,256 
70 120 8.40 120 0 754 2.000 1,077 
80 117.6 9.41 117.6 0 739 2,000 .210 932 
0 116.5 10.48 116.5 0 732 2,000 . 236 838 
100 115.4 11.54 116.5 1% 732 2.000 260 761 
110 11.0 12.21 115.5 3.90 725 2,000 277 712 
120 100.0 13.08 114.5 4.80 718 2.000 . 300 659 
130 101.7 | 13.22 | 1138 | 10.00|} 711 | 2,000 | .307 | 645 


‘sts were carried no 


TABLE VIII, ° 


Belt. 12” wide, 


originally 50 ft. 10° long, Weighed 196 lbs. Shrunk in shop to 178 Ibs. and 


meet, at 31 ft. 44", 


on > tev. | belt Coeff. per min. 
brake. Rpm HP. driver. Slip. | per min, Pore effect. per HP. 

perin,. 

50 120 6.0 120 | 0 «754 1,500 | .175 | 1,508 

60 115.4, 6.90 118 2.20 | 740 1,500 .205 | 1,287 

70 111 7.77 117 5.13 735 1,500 282 1,135 

75 107.2 | 8.01 116 7.59 729 1,500 242 1,092 

SO 104.5 &.34 116 | 9.91 729 1,500 .251 1,049 

85 88 7.48 116 | 24 | 729 1,500 | .222 1,170 


» main shaft, which 


was afterward strongly braced, as showh in illustration, and all its bolts tightened. 


ain, or 83) lbs. per 


R | we. dere | a 
Rpm. | HP. driver. Slip. HP. 
per in. 

—| = — 

50 | 120 «| «6 120 0 74 | 2,000 | .131 | 1,508 
60 117.6 | 7.05 117.6 0 739 =| 2,000 1,258 
70 116.5 | 8.15 | 116.5 0 732 2,000 | .183 | 1,077 
80 115.4 9.23 115.4 0 725 2 000 .210 942 
90 113.2 | 113.2 0 711 2,000 | 236 837 
100 | 14.90 | 704 2,000 .262 | 754 
110 109.0 | 11.99 | 110.2 1¢ 692 2.000 .285 | 693 
120 108.0 | 12.97 | 110.0 1.78 691 2,000 | 639 
130 | 105.2 | 13.71 109.5 3.93 687 2,060 . B30 601 
140 | 100.0) 14 107.0 6.54 672 2,000 .844 | 576 
150 92.0 13.80 106.0 | 13.3 667 2,000 341 580 


urnt against beam 
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TABLE IX. 


Belt Tests continued, December 20, 1886. Belt, canvas, painted slate 
color, 12" wide, ,4; thick, 31 Ibs., cut 31 ft. 2’ long, 4-ply, stretched 73 inches 


with 520 Ibs., or 435 lbs. per in, 5} inches cut out to butt at 31 ft. 4)". Tron 
pulleys. 


on | Ft. belt Coeff. | per min. 
Drake. driver. per min. effect. per HP. 
| for 1 in. 


120 1,040 10 3,770 
119 747 1,040 .125 3.048 
119 747 1,040 2,590 
119 1,040 . 168 2,263 
119 747 1,040 19: 1,980 
119 747 1,040 .212 1,795 


December 25, 1886. Same belt strained to 750 lbs., or 62.5 lbs. perinch. 3 
inches more cut out. 


| Ft. belt 
t. belt P Coeff. per min. 
per min. m+ per HP. 
| for 1 in. 


t 


1,500 .139 1,808 
1,500 .178 1,482 
1,500 .210 1,255 
1,500 1,102 
1,500 280 942 
1,500 .B15 838 
1,500 .350 754 
1,500 .385 685 
1,500 .402 656 
1,500 | .401 656 


Oo 


Saar 


| 


( 
( 


5 
2 
5) 
2. 
) 
). 


— 
=> 
~ 
— 


» 
9 
~ 
» 
2 
1 
1 


ore 
Hm 


ow 


112.00 | 
Slipped off ; 


December 25, 1886. Same belt strained to 1,000 lbs., or 83) Ibs. perinch. 2 
inches more cut out. 


Ft. belt 
Lbs, on Rev. Ft. belt | Coeff. per min. 
brake. driver. per min. | effect. per HP. 
for 1 in 


754 2,000 .210 942 
754 2,000 . 236 838 
100 739 2,000 262 754 
110 | 12.6 725 2,000 688 
120 8.73 718 2.000 628 
130 | 1138. 711 2.000 580 
140 704 2,000 367 538 
150 | 6: 697 2,000 | 502 
155 | 694 2,000 488 
160 . 5. 719 2,000 .399 500 
165 Slipped off pulleys. 


Discontinued tests with this belt for want of time to try on other pulleys. 


25 117.6 2.94 
30 115.4 | 8.46 
35 113.2 | 3.96 
40 113.3 4.53 
45 111 5.00 
50 Slipped pulleys 
40 0 791 
50 0 769 
60 0 769 
70 0 769 
80 0 754 
90 0 754 
100 | 0 739 
110 739 
0 725 
2.68) 725 | 
125 
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‘TA BLE X. 


Belt Tests continued, December 27, 1886. 38-ply rubber belt, 12” wide, 3," 
thick, weight 37 Ibs., 31 feet long etiginaliy. Cut off 114 inches to meet at 31’ 
4, 520 Ibs. strain, or 434 Ibs. perinch. Iron pulleys. 


R Ft. bel Coeff -- 
Lbs. on | > ev. 21 | Ft. belt. |» ‘ oeff. yer min. 
brake. | Rpm. HP. driver, per min. effect. per 1 HP. 
per in. 
120 3.60 | 120 f 1,040 151 | 2,518 
120 4.80 120 q 1,040 . 202 1,885 
120 6.00 120 F 1,040 . 252 1,508 
7.6: | | 152.5 1,040 | 1,258 
115.4 8.07 115.4 1,040 | 1854 | 1.078 
Belt slipped off pulleys. 


December 28, 1886. Same belt, 750 Ibs. strain, or 62.5 lbs. per in., 6 inches 
cut out to butt. 


| | | | belt 

Rev. . | Ft. belt mn Coeff. per min. 

Rpm. driver. Slip. | per min. effect. perl HP. 
per in. 


Lbs. on 
brake, 


50 120 6 120 
60 117.6 7.05 117.6 
70 116.! 8.15 116.5 
80) 115. 9.23 115.4 
90 115. 10.38 115.4 
100 115 11.54 115 
110 113.2 | 12.45 113.2 
120 111 13.32 111 
130 105 13.68 105 
Belt slipped off pulleys. 


.210 
. 352 
886 
426 


1 

1 

1 

1 
1 
1, 
1,5 
1 


December 29, 1886. Same belt, 1,000 Ibs. strain = 834 lbs. per inch, 4 inches _ 
cut out to butt. 


Ft. belt 
213 t. belt Coeff. per min. 
Blip. per min. + offect. per 1 HP. 
per in. 


Lbs. on 


Rev 
brake. Rpm. 


driver. 


120 ) 120 754 2,000 | .121 1,508 
117. 739 2,000 -157 | 1,258 
115. 115. 2,000 183 1,078 
114. 114.% 718 2,000 .210 944 
114 114.3 718 2,000 837 
114. 114. 8 | 2, .26 754 
1138. 113.° 685 
113. 113. | 2, l 628 
112. 112. 580 
111 5.5 111 ’ . 365 538 
109 5.35 (109 | ‘ 503 
109 109 : 471 
106.7 106.7 | 443 
103.4 108.4 | 419 
‘Belt slippe d off ulleys. Rubber partially chafed off, from evident 
over-strain, No p ow noticed until belt flew off finally. 


0 754 508 
0 739 258 
0 732 O78 
0 725 942 
0 725 837 
722 751 
0 711 685 
0 697 627 
0 660 579 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
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TABLE XI. 

Belt Tests continued, December 16, 1886. Rawhide belt, 31 feet long 4}; 

thick. Weighed 29 lbs. 2 inches added to butt, with strain of 520 Ibs., or 43 
lbs, per inch, at 31 feet 44". Iron pulleys. 


Lbs. 


on Brake. HP. Rev. Slip. Ft. belt omy 72, Coeff. 


driver. per min, effect. actin 


040 .252 1,508 
040 1,270 


50 120 120 
1 
1,040 .842 1,100 
1 
1 


69 117.6 ; 119 
70 115.4 8.0! 118 
80 111 116 
&5 109 9.25 115 
90 105.3 A 115 
95 Slipped off pulleys. 


040 3886 
040 405 810 
416 | 790 


~ 


to 


December 22, 1886. Same belt. 750 Ibs. strain = 62.5 Ibs. per inch. Lap 2 


+ cut 2) = 4} inches cut out to make ends butt 


| Rev. Ft. belt Coeff. 
Rpm. HP. | driver. Slip. per min. +7. effect. 


Lbs. 
on brake. 


Fr. belt per 
min. to 1 
HP. per in. 


50 113.2 
60 118.2 
70 111 
8&0 111 
90 111 
100 111 
110 109 
120 107.5 
130 105. 
140 104. 


118. 
113. 
111 
111 
111 
111 
111 
110 
109 
109. 


1,500 1,510 
1,500 .210 1,256 
1,500 .248 1,076 
1,500 .283 942 
1 
1 
1 


500 .314 836 
00 B58 753 
rt 1,500 646 
74 585 1,500 600 
85 1,500 
150 108.8 1,500 .502 | 
160 101. 27 «107.8 | 5.66 1,500 530, 500 
165 Slipped off pulleys. Speed very slow at start. 
December 22,1886. Same belt repeated with 1,000 Ibs, strain = 834 Ibs. per 
inch, 35 inches cut out, 


5. 
6. 
8.8 
0 

2 
2.8: 
3.6 


1 
1 
1 
] 
1 
1 
1 
1 


Crore to 


Lhs. 
on brake. 


Ft. bel! per 
Rey. Ft. belt Coeff. 
Rpm. HP. driver, Slip. per min. M+ 7. effect. HP. per in. 


113.§ 113.2 711 2,000 .184 477 
80 111 _ 111 697 2 000 .212 942 
90 111 111 697 2,000 237 R36 
100 111 111 697 2,000 208 753 
110 110 2. 110 691 2.000 296 685 
120 109 3. 109 685 2,000 B15 628 
180 107 3.9% 107. i 2,000 
140 105 7 105. 2 2,000 .367 
150 105. 5. 105. 2,000 
*160 104 106. 367 2,000 .413 
170 103. 106. 2,000 .435 
180 101. 106. 2,000 
190 100 106. 5.66 2,000 ATO 
200 90 18 113 % 2,000 417 
205 Slipped off instantly. 


Speed very slow through this trial as well as last. 


* Steam raised to 75 lbs, at boilers, 
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Belt Tests continued, January 1, 1887. 
old holes, on wooden pulleys. 


TABLE XII. 


Same raw-hide belt 12 wide, laced in 


Lbs. 
on brake. 


80 

90 
100 
110 
120 
130 
140 
150 
160 
170 
180 


¥*1 80 


190 
200 
210 
220 
230 
240 
250 


260 


Record of Belt Te-ts continued, January 3, 1887. Same belt cut down to 8} 
in. wide, re-tested on wooden pulleys. Laced in old holes, Strain = 117.7 lbs, 


per inch 


| 
114.8 | 9.14) 114.8 0 718 2,000 .210 942 
111 10 111 0 697 2,000 . 236 836 
115.4 | 11.54, 115.4 0 725 2.000 . 262 767 
115.4 12.69 115.4 0 725 2,000 . 288 685 
114.3 18.72 114.8 0 718 2,000 .815 §28 
113.2 14.72 | 113.2 0 711 2,000 . 341 580 
118.2! 15.85 | 118.2 0 711 2,000 .868 | 538 
113.2 16.98 | 118.2 0 7i1 2,000 . 394 502 
113 18.08 113 0 710 2.000 .420 471 
111 18.88 | 111 0 697 2,000 445 443 
110 9.80 110 0 691 2,000 471 419 
118.2 20.37 | 116.6 2.91¢ 732 2,000 459 431 
111 21.09 | 114.4 8 718 2,000 .485 409 
109 21.80 | 112.36) 8 705 2.000 .510 B88 
109 22.89 | 112.86) 2 000 586 369 
109 23.98 | 112.36! 8 705 2,000 561 B52 
109 25.07 112.36 3 705 2,000 5&7 337 
109 26.16 | 112.86; 8 705 2 000 .612 823 


107. 


» 


~ 


| Rev. 


} 
| 


‘rt belt per 


87 


110 


24. 36. 4.59 G93 2,000 640 309 
Belt slipped off pulleys, and exhausted the power of the engine to such 
an extent that it was reduced to 8} inches wide for further trials. 


TABLE XIII. 


on brake. 


Rev 


driver. 


Ft. belt per 
— min. per 1 
emect. |HP.per in. 


| Ft. belt 


Slip. | per min. 


T1+ T? 


90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 


110 


Slipped off pulleys, probably over-strained in this test, as it gave less 
power on the next one, and when weighed at end of that test, the strain 
was found to be reduced to 660 lbs., or 77.7 Ibs. per inch, and to have 


120 0 754 2,000 .210 942 
120 0 754 2,000 .240 898 
117.6 0 739 2,000 . 262 754 
115.4 0 725 2,000 . 289 685 
115.4 0 725 2,000 .312 633 
114.3 0 718 2,000 .342 580 
114.8 0 718 2,000 . 368 538 
118.2 0 reel 2,000 502 
113 0 710 | 2,000 -420 470 
111 0 697 2,000 446 443 
111 0 697 2,000 473 419 
111 0 697 | 2,000 .500 896 
110 0 691 2.000 .525 3877 


stretched 1} inches. 


Got up higher steam. 


| | 
| 
120 9.60 
121 0.80 
117 1.76 
11: 2.69 
3.75 
11: 4.86 
11¢ 6 
113 16.98 
113 18.08 
111 18.87 
43111 170 OR 
| | 
— 


548 


January 4, 1887 


Same belt repeated on paper pulleys. 


driver, 


Ft. belt 
per min. 


Belt d off pulleys, 
or 77.7 lbs. per inch. 


Ibs., 


122.4 | 
121.2 
120 

120 

118.8 
117.6 
117.6 


0 
0 
0 
0 
0 
0 
1.87% 


769 
761 
754 
754 
746 
739 
739 


1,320? 
1,320 
1,320 
1,320 
1,35 20 


Coeff. 
effect. 


| 
| 
| 
| 
| 
| 
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F'!.belt per 
min. per 1 
in. 


837 
753 
686 
628 
5&0 
539 
512 


Tension taken as weighed at end of test, 660 


Belt Tests continued, December 18, 1886. 


TABLE XIV. 


as received, 


12” 
Stretched 134" 


wide, 


214 Ibs. 


» 16 


thick. 


ir 


One plain cotton canvas belt, just 


Iron pulleys, cut 30 feet 3’ 


with 520 lbs. strain, or 434 lbs. per inch. 


long. 


Lbs. on 
brake. 


Rpm. 


HP. 


120 
120 
120 
115.4 


8.60 
4.20 
4.80 
5.17 


Rev. 
| driver. 


Slip. 


Ft. belt 


per min. 


Coeff. 
effect. 


120 
120 
120 
120 


Belt slipped off pulleys. 


754 
754 
754 


| 1,040 
1,040 
1,040 
1,040 


151 
177 
.202 
217 


Ft. belt 
per min. 


December 20, 1886. Same belt, sized and prepared for lining. 4 ' 


HP. 


Rev. 
driver. 


Slip. 


Ft. belt 


per min, 


Coeff. 
effect. 


2.40 
2.95 
3.45 
3.69 
4.44 


120 
120 
120 
120 
20 


754 
754 
754 
754 
754 


1,040 
1,040 
1,040 
1,040 
1,040 


| 
| 
| 


Ft. belt 

per min. 

per 1 HP. 
per in. 


8,77 

8,067 
2,620 
2 400 
2,037 


} 
on Rpm. HP. | | | 
90 | 122.4 11.02 | BAS 
100 121.2 12.12 .398 
: 110 120 13.20 | .488 
120 120 14.40 477 
130 
140 
150 
® 
7 | 1 in 
30 0 514 
7 35 0 154 
a 40 0 SA 
; 45 3.83 750 
or 
120 0 
7, 9 | 117 1.66 12. 
30 115 4 14 
85 «115 4 15° 
100 | 9.17 18% 
45 Belt slipped off pu 


Dec 


Lbs. on | 
brake. 


30 


110 


Belt Te-ts continued, 


374 Ibs.,cut 31 feet 


Lbs. on 
brake. | 


ember 


Same belt, 1,000 Ibs. strain. 


| Rpm. 


120 
117. 
115 
114.5 
113. 
113. 
112 
111 
110 
109 
106. 
103.! 
Belt s! 


=e 


Rpm. 


80 

90 
100 
105 
110 
115 
120 
125 


Dece mber 23,1886. Same belt, 


ine 


Lhe, « 


brake. 


5.3 
103.4 


HP. 


9. 
ipped off pulleys. 


~ 


inches, or to 31 feet 44 


16 


long. 


HP. 


9. 
.32 


10 
11 
11 
11 
12. 


12 


60 


79 
10 


December 17, 


Rey. 
driver. 


Slip. 


120 0 
117.6 O 
117.6 0 
117 2.184 
115.5 1.64 
115.5 2% 
115.5 | 8 
115.5 | 3.89 
115 4.35 
114.5 4.80 
114.5 6.83 
113.8 9.05 
112.6 | 17.38 


24” cut out. 


Ft. belt 
per min, 


2,000 
2,000 
2,000 
OOO 
000 
000 
O00 
GOO 
000 
2,000 


| 


2 


.104 
.128 
.142 
.154 
.168 
.214 


200 
.233 


Ft. belt 
Coeff. per min. 
effect. per 1 HP. 


per in. 


2,514 
1,880 
1,542 
1,400 
1,281 
1,179 
1,026 
980 
926 
879 
849 
827 


TABLE 


Rev. 
driver. 


120 0 

120 0 
116.6 2 90¢ 
115.5 3 90 
111.6 5.63 
115.8 9.07 
119 12.94 


‘Be It off pulleys. 


he tol butt. 


Rpm. 


1886. 


ZY. 
One 12” 


, on iron pulleys. 


cotton-leather belt, 
Stretched with 520 lbs. strain, or 434 Ibs. per inch, 


4-ply, 


F1. belt 
per min. 


1,040 
1,040 
1.040 


| 


1,040 | 


1,040 | 


1,040 
1,040 


effect. 


.404 
490 
.Ol7 
.530 
.528 


750 Ibs. strain, or 625 1 Ibs. per inch. 


Coeff. 


Ft. per 
nin. per 
HP. for 1 
in. 


942 
838 


747 
738 
719 
723 


Cut out 


HP. 


Rev. 


driver. Slip. 


Ft. belt 
per min. 


120 

120 

118.8 
117.6 
116.5 
115.4 
113.2 


9. 


10 
11 
12. 
18. 


19. 


60 


80 
.88 


94 
98 


40 


120 0 
120 0 
119 0 
119 1.10 
118.8 1.10 
117.7 | 1.95 
116.6 | 2.91 
115.5 3.81 
114.5 4.80 
112.6 | 6.48 
110.8 7.49 
114 12.3 
113.2 14.3 


111 


| 754 
| %54 
TAT 
747 
746 
739 
732 
725 
708 
695 
Fil 
697 


1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 


T1472) 


| 


1,500 | 


1,500 
1,500 
1,500 


1,500 


Coeff. 
effect. 


Ft. per 
min per 
HP. per 
in. 
942 
838 
754 
693 
640 
590 
554 
522 
494 
474 
452 
453 
440 
444 
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60 54 
39 
50 15 39 
nD 30 35 
69 79 25 
70 38 25 
1) 25 
at) RR 25 
8) 35 29 
90 18 
95 is 
= 
1 
12 54 
118 
125 
725 
ra) 
80) | .28 
90 
100 
110 .88 
120 41 
130 5 44 
140 5.85 47 
150 6.67 50 
160 109 17.44 53 r 
170 105 17.9 5 
180) 102.5 18 45 
1909 | 100 19 re 
200 97 
| 
Stcpped for excess in slip and loss of speed. Belt still on pulleys. 
36 
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Belt Tests continued, December 23, 1886. Same 12” cotton-leather belt on iron 
pulleys. 1,000 lbs. strain, or 83} Ibs, per seal 4 inch cut out to butt. 


2 


| | | Ft. belt 
Lbs. on Rev. “Tr t. belt |» ne Coeff. per min 
brake. Rpm. driver. per min. 7?) oftect. \tor 1 HP 
| per in 


754 2.000 . 262 
2 000 284 
O00 
000 
000 
B94 
O00 415 
000 436 
400 .458 
000 ATS 
000 491 
000 
| 06 
230 i 5 |} 2,000 | .507 | 890 
i 


120 
117. 
116.5 
115. 
113.° 
111 
110 


~) 


we 


i 


210 
220 


or 


| 


‘Stop ved in good order (be sit on), from loss of power. 


January 1, 1887. Same belt repeated on wood pulleys, laced in old holes. 


Ft. belt 

Lbs. on Rev. | . Ft. belt " Coeff. | per min. 

brake. Rpm. driver. | Slip. per min. 1 HP 
rin 


| 


130 118.! 
140 118.! 
| 117 
160 116. 
170 | 115. 
190 114. 
200 113. 
210 113. 
220 112. 
930 112. 
240 111 
250 | 111 

260 | 107.2 | 27 2000 | .684 200 
270 ine. Belt in place and no sign of slip. 


2.000 | .842 
2,000 . 868 
2400 | 394 503 
2 000 471 
2,000 |. 444 
2 000 47 420 
2.000 499 | 397 
2 000 377 
2000 359 
2,000 342 
| 2,000 | .605 828 
| 197 2,000 | .63: 314 


5x0 
538 


120 120 2 ; 2,000 15 | 628 
| 


DD 


7 


No slip whatever in this test 


2-000 |  .660 301 


to 


a 
- 
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TABLE XVII. 


January 3, 1887. Belt Tests, continued. Same cotton-leather belt, split down 
to 8} fg Laced in old holes. 1,000 lbs. strain, or 117 Ibs. per inch. 


! 


> | Rev. belt Coeff. per min. 

Rpm. HP. driver. | per min, | fect. | to 1 HP. 
per in. 


Lbs. on 
brake. 


754 2.000 608 
754 2,000 .867 
739 «2,000 .39. 503 
932 2,000 471 
732 2 000 4 445 
725 000 419 
718 000 
711 377 
359 
Ooo OT: 346 
705 331 

000 | i 313 


wor 


vo 


668 
Belt slipped off driver from engine slowing down. 


January 4, 1887. Same belt, on paper pulleys. Laced in old holes. 


Ft. belt 
Lbs. on Rev. | . Ft. belt an Coeff. — per min. 
brake. uP. driver. Slip. per min. i+ | to 1 HP. 
per in, 


100 1: 769 2.000 .264 TA 
120 1 754 2,000 628 
130 15.6 2 | 2,000 | .342 585 
140 lf 2,000 . 868 539 
150 1 2,000 | .894 | 502 
160 2,000 | .423 470 
170 2.000 | .446 443 
180 OOO 419 
190 O00 400 
000 377 
OOO | 550 BA9 

24.42 343 

25.80 2,000 | .602 328 

24.40 107.8 6.30¢ 2,000 | 335 
Belt slipped off from loss of speed. Se. ales applied, and tension found 
to be same as at first = 1,000 Ibs. 


a 


19 00 
20.00 
20.97 
21.93 
22.86 


23.73 


It might be noted hes ‘re, that the power eitiinin the nails shaft is not peer 


in these tests, but would be be very slight, probably not over H. 
DISCUSSION. 


Mr. C. pene Dutton.—The report is rather severe on the link 
belt, and perhaps justly, from the point of view from which the ex- 
periments were made. But it happened that in the shops with 


F 


io 120 1°20 0 
140 120 120 0 > 
150 117 64 117 @ ay 
160 116 
170 116 
: 180 115 
190 114 
200 113 
210 113 
220 
250 
240 
250 
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which I am connected we had oceasion to try a link belt for a 
specified purpose, and it was so satisfactory in that case that ] 
wish to say a word in regard to it. We had occasion to run a 
cross-shaft some distance to drive a 60-inch lathe. The pulleys 
were about 36 inches in diameter and the shafts perhaps 15 feet 
apart. The ordinary belt used for this purpose strained out very 
rapidly, so that we had great difficulty in driving it. A repre- 
sentative of a link belt came along and recommended it for that 
purpose, agreeing to put it in on trial, which he did. It was a 5- 
inch belt which we used, and the belt has proved very satisfac- 
tory. I think two sets of links were taken off after it was run two 
or three weeks. But now for two or three months the belt has 


run with entire satisfaction and has not required any further at- 
tention, so that I can say that for that purpose the same width of 
belt that we used before has been entirely satisfactory, while the 
ordinary belting was very unsatisfactory. Those of us who are 
interested in motive power, I think, would be glad to see experi- 
ments on larger belts and considerably higher speed than these. 
Of course, this was not undertaken by Mr. Webber's experiments 
at all. There are a number of things which seem to need consid: 
eration in that. In running at very high speeds with very small 
pulleys, there seems to be a special difficulty. I remember one in- 
stance in which we ran a 12-inch double belt over a 60-inch pulley 
below running 300 revolutions, and over a 30-inch pulley perhaps 
twelve or fifteen feet from it and directly above it. In this case, fora 
large portion of the way around the pulley, by holding a light on 
the farther side of it, you could see the light between the pulley 
and the belt, notwithstanding that the belt was drawn up pretty 
tight before commencing to runit. It may have been partly due 
to the stiffness of the belt. It may have been partly the centrif- 
ugal force of it—it undoubtedly was; and it is also claimed that 
a wide belt will carry a film of air between the belt*and the pul- 
dey. It is a thing about which I would be glad to know more. 
Mr. H. R. Towne.—The questions involved in the testing of 
belting are so numerous and complex that it is very difficult to 
~ eover them all in any ordinary system of experiments, and I think 
that this report shows rather more than the usual deficiency in 
_ this respect. The set of experiments on belting which I made 
twenty years ago showed one thing conclusively, namely, that the 
condition of the atmosphere is a large factor in the transmitting 
energy of leather belts. Leather belting is a capital hygrometer ; 


Pe 
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it measures the dryness or the moisture of the atmosphere with 
great delicacy, and the same belt tested under ideutical conditions 
in all other respects will give a very different result on a day with 
the atmosphere moist or * muggy ” from what it will on another 
day with the atmosphere dry and capable of absorbing moisture 
freely and rapidly from objects with which it comes in contact. I 
think that any critical and conclusive series of tests of belting, at 
— Jeast of leather belting, must be continued through a long enough 
period of time to cover the average range of variation in the 
humidity of the atmosphere to give perfect results. These varia- 
tions are of less consequence, and possibly of little or no conse- 
quence, with belting in which rubber is the chief component. 
What their effects are on belting in which linen or other vegetable 
fiber is the chief component, I do not know. Conceivably, how- 
ever, they would also be affected a good deal by the moisture of 
the atmosphere. I think that the tests reported in this case are 
also deceptive so far as they pretend to make a comparison be- 
tween leather belting and other kinds, by reason of the very 
unfavorable condition of the leather belt. A well-made leather 
belt certainly holds very high rank, if not the highest rank, as a 
belt transmitter, and yet here the results would indicate rather the 
contrary. A perfectly new leather belt is stiff, inflexible, does not 
readily adapt itself to the pulley, and has a peculiar quality of 
surface which we all recognize by the touch, and which is much 
less conducive to adhesion than the surface of the same belt after 
it has been run for some time and has been treated with the 
ordinary dressing. Therefore, to institute a comparison between 
a vow leather belt, which requires this preparatory use and treat- 
ment in order to bring it to its full efficiency, and another belt, 
like a rubber belt, which requires no such preliminary prepara- 
tion and has its highest efliciency when first put on, is deceptive. 
The leather belt should first be run long enough to bring it up to 
its maximum efficiency. 
Again, the adoption of the tension on the belt, per inch of 


width, as a determining factor in all cases, is, in my judgment, 


erroneous. The initial tension put upon a belt is rarely main- 
tained. The ordinary belting material is elastic to a certain point ; 
but is usually worked under conditions,which carry it past its 
elastic limit, and induce permanent stretch. We all know this as 
indicated by the frequent taking up of belting and cutting out a 
portion of its length. Variation in length, again, is dependent on 


4 


* 
6 
a 
4 i 
e 
= 
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the matter I have already alluded to—namely, the condition of 
the atmosphere as to moisture. 

Finally, no formula yet offered can, in my judgment, be accepted 
as universally applicable to belts, whether horizontal or vertical. 
Stretching becomes of much more consequence in a vertical belt 
than in the case of a horizontal belt. Generally, therefore, I think 
that the conclusions of the paper, while useful in some respects 
as giving some additional light on this subject, cannot be accepted 
without modification and the exercise of judgment. 

Mr. Olin Scott—It seems to me that each belt-maker should 
publish tests which are reliable in regard to the belts he makes, 
having special regard to these different conditions which have 
been suggested. We should know whether a set of figures refer 
to the belting as used wet or dry, vertical or horizontal, and 
whether they apply to a crossed belt or to a belt with a quarter- 
twist driving by one edge only, each man stating his own case. 

Mr. Daniel Ashworth—We Nave had the various points con- 
nected with this belt problem touched upon very forcibly, but in 
our experience during many years in putting up belts, especially 
high-speed belts, as applied to dynamos and fans, the. main 
trouble has not been from the conditions spoken of in the paper 
or the debate, but it has arisen from the different kinds of belt 
furnished from the same house, and almost from the same roll of 
belting. We start out with the belting which is represented as 

_ possessing all the merits of adhesiveness, lightness, and flexibility. 

We are enthusiastic with the result in this case, but upon the 
next application, which is decidedly a parallel case under all con- 
ditions, we find that the result is entirely negative or disappoint- 
ing. I know of no more uncertain factor than the matter of 
belting as applied to motive power. While we recognize the fact 

of the condition of the atmosphere varying, yet we find that while 
we have one first-class belt which is eminently satisfactory, we 
have a dozen that are disappointing, and from the same house 
and under the same conditions. It seems an exceedingly difficult 
problem, not so much from the conditions of use, but from thie 
condition of the material placed in our hands at different times 
from the same houses, having a pre-eminent reputation. 

° Mr. F. H. Underwood.—In the experiments described by Col. 
Webber there seems to have been no detailed description given 
of how the belts which he tested were prepared or made. And as 

the new leather belt described by Col. Webber was cut from what 
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~ we call oak-tanned side-stock, that is, after taking out a strip, say, 


94 inches in width, from the hide, measuring 12 inches each way 
from the center, this 12-inch belt was then cut out, one strip from 
each side-piece ; this would make the belt heavier and more elastic 
than if cut from the center of the same hide, as the fiber is coarser 

and not so dense along the sides as it is in the center. But from 
the side stock you have an uneven belt in thickness, and ene which 
is apt to stretch more on one side than the other, unless great 
care is used in so eutting the 12-inch strip that the lines are 
equally taut on each side. In this case the belt was uneven in 
thickness and not cut properly, and therefore imparted a swaying 
motion to the belt when running, and part of its contact was lost 
by running over the edge of the pulley, first on one side and then on 
the other. This belt, if put to a high rate of speed, say 5,000 feet 
per minute, would impart a lateral motion to the shaft, and cause 
an unequal wear and strain upon the bearings. The belt men- 
tioned in table 7 was made from cotton duck, folded to make the 
requisite number of plies, and then fastened longitudinally with 
rows of stitches one-fourth of an inch apart, the belt then being 
filled with composition of boiled linseed oil and red lead, which soon 
comes off when put to use, and nothing but the plain cotton is left. 
This belt was quite stiff, and when first run rode upon the stitches 
and prevented a perfect contact. The “link belt” mentioned is 
made in the following manner: The links are cut out of leather, 
about 2 inches in length and 1 inch in width; holes are then 
punched in this link about 1 inch from center to center; the link 
so made is then compressed as much on each end as the suceeed- 
ing link will lap over on it, so as to bring as much edge surface 
next to the pulley as it is possible to do. The requisite number 
of links to make the width required are placed side by side, with 
an iron rod running through them, about ,', of an inch in diame- 
ter. In the belt tested there were 33 of these links in width to 
make the belt 12 inches wide. The rod has a head on one end, and 
after being put through the links is riveted on the other. The 
belt does not lie perfectly flat of the pulleys, standing as it does 
on the edge, as the pieces of leather do not conform readily to the 
circle of the pulley touching only here and there. Owing to its 
great weight, stiffness, and the great loss of contact surface, by 
reason of the spaces between the links and the places where the 
beli does not touch, this belt could not be made to show very 
much of a result in horse-power. 
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The canvas belt, 4-ply, mentioned, was made of solid woven cot- 
ton, and a mixture of linseed oil, plumbago, ete., had been worked 
in and dried under pressure. Powdered soap-stone is then used 
over the surface of the belt on both sides, to prevent its sticking 
while standing in the roll or coil. It drives well for a time, but 
stretches a great deal. The rubber belt mentioned was made of 
cotton duck, folded and cemented together with rubber in the usual 
manner. The proportion of pure rubber was found to be very small, 
and under the severe test to which it was put, the rubber ane 
off from the canvas. The raw-hide belt mentioned is tanned on 
the surfaces only, the intermediate portion being as near raw-hide 
as it is possible to have it. The hides are left in the bark liquor 
a few days only, just long enough to allow the liquor to penetrate a 
sufficient distance into the hide to prevent its surfaces from ecrack- 
ing; it is then put into a machine and fulled with a preparation 
of oil, tallow, tar, ete., to make it pliable and soft, and at the same 
time to preserve it. After taking the hide from this machine, it is 
smoothed and set out in the usual manner, and the belt eut out, 
stretched, cemented, and finished. This belt was evt, as was the 
first belt, -from the side of the hide, and in running under the ten- 
sions mentioned, stretched very unevenly—so much so that it ran 
over the edges of the pulley. The preparation of tar used makes 
the belt hug the pulley very closely when first run; but as 
soon as this preparation wears off the belt will not transmit as 
much power in proportion as it would when first put on. This 
belt is very flexible and soft, but is Hable to stretch a great deal, 
and during the above test the belt tore apart at the lace-holes. 
This belt is not tanned in the same manner as the one described 
by Mr. Lewis in his paper read at the May meeting in Chicago, 
1886. By reason of its great pliability, this belt kept on the pul- 
leys until the final test, and the liability to stretch and lose its grip 
is shown by the difference of tests in tables 12 and 13. Col. 
Webber has already fairly described the process of making the 
cotton-leather belt; it is simply, a combination of two old, tried, 
and well-known principles, both of which have been in use for « 
creat many years. By this combination many of the difficulties 
heretofore experienced with leather, cotton, and rubber belting are 
overcome. The cotton is woven solid any number of plies while the 
warp is under a steady tension ; producing a belt which is of great 
tensile strength, equal in quality, and of uniform thickness and 
strength throughout, without laps, and is balanced from end to end. 


| 
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A recent test of the tensile strength of an 8-inch 4-ply cotton 
belt showed that it would withstand a strain of 10,790 pounds. 
, 7 hese tests by Col. Webber were made for the purpose of getting 
at data sufficient to formulate a rule where by results could be 
~ onaranteed under different ares of contact, tensions, and belt 
“speeds, and T think the proposed formula given by Col. Webber 
a good and sufficient one. Each and every manufacturer of belt- 
ing ought to publish his own formula, and then, with a more 
thorough knowledge of how the belt should be made, it would be _ 
s simple matter for a purchaser of belting to judge where it would 
be best for him to procure the belt adi apte “l to his needs. The 
action of centrifugal force upon a belt running at different rates of 
~ speed is clearly shown in the difference between the result shown 
in table 3, where you will find a record-test of a belt 5 inches wide, 
with a strain of 117 pounds per inch of width running over 24-inch 
iron pulleys. The driving pulley was then increased to 46 inches, 
the belt lengthened out, and put on under the same strain. I do 
not know what the result would have been with the other belts 
which were tested running under the above conditions, as they 
varied a great deal in thickness and weight. It would not have 
been expedient to have tried the link belt running at any such 
rate of speed, as it was considered unsafe while it was running on 
the 24-inch pulleys, and the shafting had to be braced up as shown 
inthe cut. Where a belt is of a flexible, soft nature, I do not think 
that the centrifugal foree will make very much difference with its 
running; and T am inelined to think that the reason why a belt 
lengthened out as deseribed by Mr. John T. Hawkins in his dis- 
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cussion of Mr. Lewis’s paper,* where he referred to an experiment 
made on a wood-turning lathe, is not so much as he imagines be- 
cause of the centrifugal action, but rather of the heat developed by 
the belt slipping or creeping over the small pulley, which, together 
with the working up of the fiber, tends, after a few minutes’ run, 
to heat and extend the fiber of the material of which the belt is 
composed and lengthen it enough to reduce the strain upon the 
bearings, so that it will ran comparatively cool at a high rate of 
speed. The point I wish to make is, that the belt lengthened out, 
as described above, by running at a high rate of speed, will, as 
soonas itis stopped, contract to its original tension and length, and 
upon starting again the same conditions are observed. Another 
point was dicachy established by Col. Webber's test, and that was, 
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that a belt will drive fully as much, if not more, with the flesh side 
next to the pulley, as it will with the grain; that is, with the same 
amount of work put upon the flesh, it will drive more than the 
grain side. It is almost impossible to select a belt which has to 
be made from so many and varying qualities of leather as may be 
found in the different hides which will have a perfect contact 
upon the pulley, no matter which side is used. And it would only 
be possible to procure a belt of uniform thickness made of leather 
by splitting it down in thickness from end to end, and immediately 
you have done that, you materially reduce the strength of the belt. 
The more elastic and pliable the leather is made, the better it 
will hug the pulley; and I think the reason why the new leather 
belt did not show a better result was on account of its great solid- 
ity and harshness. It is almost impossible, at the present time, to 
sell to a consumer or user of belting a soft, pliable piece of leather, 
in the shape of belting, for immediately he comes to purchase he 
wants to see the belt of the width required, and no matter how fine 
a piece of leather may have been used in its manufacture, if it is soft 
he complains that the belt was cut from the flank portion of the 
hide, and any amount of argument will not make him think other- 
wise. The result is, that going across the street to a neighboring 
establishment, where they use a different class of leather, which 
feels hard and solid, no matter if it had been cut from the flanky 
portion of the hide, he purchases the belt, takes it home, and hands 
it to his foreman with the remark: “There’s a belt that is solid 
and substantial, and I guess will last a long time.” When the 
foreman comes to put on this belt, which, by the way, is to run at 
a high rate of speed, he is unable to make the belt drive the 
machine intended, and sends for his employes to know if he can 
tell him the reason why; but he cannot inform him, and it is only 
when they call in a practical belt-maker that they tind out that 
the belt is so hard and stiff that it will not readily bend around the 
small pulleys, and that the centrifugal force will immediately throw 
it off the pulley. A thin, pliable belt is immediately substituted, 
and found to do the work in a perfectly satisfactory manner, and 
the purchaser just commences to realize the fact that he knows 
very little about belting, and is thereafter ready to listen to what 
is told him in regard to the matter. An instance similar to that 
above described came under the writer’s notice only a short time 
since, and it goes to show clearly that to produce a belt which wil! 
give the best results as a transmitter of power, the material used 
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must be of a flexible nature, in order to produce perfect contact 
with pulleys. The belt must lead straight on to the pulleys, no 
~ matter how much it is elongated, and when finished must be evenly 
~ balaneed, straight and true in its running, and transmit the re- 
quired power with the least strain upon the belt and bearings. 
— Another point established by Col. Webber's test is, that as you 
— increase tension and speed, so you increase the driving capacity 
of the belt. 
Mr. John T. Hawkins.—My. Underwood is a little disposed to 
undervalue my idea of the question of centrifugal force in the 
action of high-speed belts, and I would like to emphasize this fact : 
that in making the tests or experiments referred to, with the lower 


or driven spindles 1 inch in diameter, carrying 4 pulleys, and the 
overhead or drivers 36 inches, the 4-inch belts were tightened, by 
taking up, until, at 2,000 revolutions per minute of the spindles, 
the bearing could not be kept cool by any means known to me ; 
while, without any other change than to increase the speed to 
9,000 per minute, they would not only cool down from their pre- 
viously heated condition, but continue to run cool indefinitely. 
I think this proves conclusively that the centrifugal action, at 
such speeds, releases the bearing from a very great part of the 
pressure due to the tension of the belt. 

! would like to eall the attention of the meeting to a method, 
arrived at in prosecuting these experiments, for determining the 
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amount of creeping or slip. I have done nothing of a very close 
character in these experiments, but indirectly fell upon this 
method of determining how much a belt may slip, or creep, from 
the difference of tensions, upon a pulley, under given conditions. 

The illustration (Fig. 164) represents an overhead countershaft 
a, carrying two 36-inch pulleys e, 7, the belts therefrom running 
on to two separate 4-inch pulleys 4, ¢ below, the upper ones being 
the drivers. Applying a brake to one of the lower spindles would 
tend to make the belt creep upon the upper one, by increasing 
the difference of tensions in the belt ; and I happened to discover 
one day, standing in a position d, such that the line of sight 
would pass through both rows of belt-lacing holes /, 4 (these 
holes being not entirely filled by the lacing), and terminating in a 
window g opposite, that when both Jower spindles were unloaded, 
owing to a slight difference of diameter in the upper drivers, the 
pencil of light passing through the lacing-holes would have a slow 
motion downward, as indicated by the lower dotted line, until it 
disappeared at the lower pulleys, returning again, after a proper 
lapse of time, at the tops. By applying the brake to one of the 
lower spindles the motion of the light pencil might be made to re- 
main stationary as projected on the window, or to move upward 
or downward at will. I merely mention the experiment as some- 
thing that may be of value in other future experiments upon belt- 
ing, in which it might be desirable to know the amount of slip or 
creeping of a belt under given conditions. 

Mr. H. R. Towne.—Vefore we drop this subject I want briefly 
to comment on one point which has been mentioned, namely: the 
carrying of air between the belt and the pulley at high velocities. 
In a paper by the late Robert Briggs, published in the Jowrna/ of 
the Franklin Institute for February, 1868, in reporting the ex- 
periments to which I previously referred, Mr. Briggs threw out 
the suggestion that the entrainment of air between belt and 
pulley might be a factor of importance in the transmitting power of 
belts at high velocities, and suggested that the fact could be easily 
ascertained and a remedy applied, in part at least, by putting a 
stripper close to the pulley, and between the pulley and the belt, 
of such form as to strip any air carried along by the belt from it 
as it passed on to the pulley. I think it would be interesting and 
useful for any others who may make experiments in this field to 


apply such a stripping device as Mr. Briggs suggested in order 
to determine whether or not there is anything important in it. | 
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Mr. C. EB. Emery.—I wish to take issue with the form of the 
expressions used to obtain the width in inches and horse-power. 
The correct form of an equation expressing the relations referred 
to is well settled, and it would add very much to the value of any 
series of experiments and prevent constantly recurring confusion 
in attempting to compare results if all writers would publish their 
results in the form of constants applicable to the established 
formule on the subject. As a matter of course the driving side 
of the belt must be under greater tension than the other, and there 
~ must be a gradual reduction of the extra tension from the point 
of contact on the pulley on the driving side to the point of contact 
where the slack side of the belt leaves the pulley. This redue- 
tion is not, however, in an arithmetical ratio. The friction of the 
belt upon the pulley is in all cases proportioned to the pressure 
of one surface upon the other. This pressure is necessarily greater 
on the strained side and the tension of the belt transmitted to the 
next section to produce frictional contact is reduced and so on 
throughout the entire are of contact at a rapidly reducing rate ex- 
pressed by the ordinates of a hyperbolic curve readily integrated 
by hyperbolie logarithms. The subject was very exhaustively dis- 
cussed by Professor, now President, Morton, when he was edi- 
tor of the Journal of the Franklin Institute. (See that Journal 
for January, 1868.) He discusses a long series of experiments 
made by Mr. J. H. Cooper and others by Mr. Henry Rt. Towne 
and finally concludes that for ordinary belts of average thickness 
(say 0.22 inch), a maximum working strain of 663 pounds per inch 
in width could be permitted. On this basis Rankine’s formula 
(Applied Mechanies) takes the following form : 
W=663 (1—10- 0.0082 ) 
in which W=the working strain transmitted per inch of width in 
pounds. 


a” 


a=the are of the contact in degrees. 

This investigation was accepted by Mr. D. K. Clark, and he 
presents, on page 750 of his well-known J/anuwa/, a table showing 
the driving power of leather belting calculated therefrom. A state- 
ment of these various considerations and a copy of this table will 
be found at page 56 in the general report of the Judges of Group 
XX., International Exhibition, written by the speaker. 

Mr, F. H. Richards.—It would seem there is no one detail of 
machine construction which has in its application a greater va- 
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riety of circumstances than belting. It seems to me impossible, 


for that reason, that any rule can give the correct relative value 
of different kinds of belting for all purposes. Let me give you an 


instance of that. Some years ago, on shafts 4 feet apart, a belt 
1} inches wide, and running from a driving pulley 12 inches 
diameter on to a driven pulley 1} inches diameter, was run at a 
speed of over a mile per minute (6,000 feet). Owing to the cen- 
trifugal force, as it was supposed, the belt seemed to touch the 
small pulley only about one-half inch on the circumference. The 
durability of this belt was about a week, and under the cireum- 


a 
Fic. 165. 


stances that was considered quite satisfactory. I could give you 
many other instances of belts operated under special conditions, 
tending to show that any rule which will apply to the ordinary 
transmission of power (as from one line shaft to another) is 
totally valueless for universal use. 

Mr. F. H. Underwood.—A good deal has been said about belts 
which show different results being from the same grade of mate- 
rial and of the same manufacture. 

That is easily explained. In Fig. 165 we have a drawing of a 
hide showing the different portions ; A-B is the tight line running 
through the hide in the center. There is also a tight line or side 
running where the flank comes up and stops, as shown by the 
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dotted lines B-C. Now, a great many belt-makers have an idea 
that if you want a four-inch belt, you must split the bide right 
through the middle, at A-B, and eut off as many strips as you 
like. That is not right. The only place you can take it from and 
‘have it run perfectly true is 2” each side of the center. No 
manufacturer could afford to make belting and sell it at the price 
they have to, and cut it all from that portion. To produce a 
straight belt we must work equidistant from this line A-B, and 
~ that line B-C. You put a lot of strips together cut from A-B and 
C-D and it will form a circle. But if you want to cut this into 
belts, you must strip it into something very narrow. If you want 
~ a36" belt, you must go 18° each way from the center. If we want 
~abelt which is wide, say 48", we commence at the center here and 
~ measure out 24°, and putting this side A-B, and the flank portion 
B-C together, we make a double belt which ought to draw on each 
+ side alike. The reason why you have trouble in getting the same 
_ kind from one manufacturer is that you cannot afford to pay him 
enough. In making these tests Col. Webber suggests taking each 
belt as it comes from the manufacturer and running it two or 
three hours before making the test. Now, the atmosphere will 
have a great effect upon leather, or, in fact, upon any material, I 
do not care what ; even if it is iron it will have more or less influ- 
ence on it. And you cannot get a belt but what will be influenced 
by the atmosphere more or less, so that on a dry day it will run 
differently from what it will on a wet one. 
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CCLIL. 


ON A NEW METHOD OF MAKING TUBES FROM SOLID 
BARS. 


BY GEO. H. BABCOCK, NEW YORK CITY. ee 
(Member of the Society.) 


We have all heard of the Irishman’s method of making a can- 
non by “ taking a hole and pouring melted iron around it,” butit has 


been reserved for a German actually to do a similar, or apparently, 


an even more difficult thing—to take a hole and force a bar of 
wrought iron or steel around it! We are familiar with the process 
of drilling and punching for perforating metals, but here comes a 
man who, ignoring all such makeshifts, by “external applications 
only”—as a skillful physician treats an internal congestion—rolls 
a hole into the middle of a solid rod, thus forming it into a tube! 
What makes the hole?) Apparently, like the boy’s whistle, it ** does 
itself.” 

Seriously, this is no joke. The specimens which I have the 
privilege of exhibiting to the Society tell their own story, and 
scarcely need the evidence of the eye witness who saw them made, 
and who loaned them for this purpose. As yet the process has 
not been worked in this country, but it is in practical operation in 
Germany. It is the invention of two brothers named Mannes- 
mann, of Remscheid, and the modus operandi is as difficult to 
understand and explain as was Gifford’s injector, or Bohnenberg- 
er’s gyroscope. 

The apparatus necessary to effect the result consists of two roll- 
ers slightly conical, the axes of which are in different planes—or 
form two lines in a twisted surface—their nearest approach being 
at or near the bases of the cones. The surface of the cones may be 
threaded in such a way that they tend to draw a body rolling between 
them towards their larger ends. The bar to be operated upon 
should be approximately round, and its end is to be inserted, while 
hot, between the cones, its axis being intermediate at all points io 
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the axes of the rollers. The action of the cones is to draw out 
and twist the bar, during which operation a hollow forms in its 
axis, and when the bar emerges it is a tube with a somewhat rough 
but approximately cylindrical and concentric bore, the surface of 
which shows a decided twist. 

Among the exhibits is a bar which was drawn down at each end 
before going through the mill, so that no action took place at these 
ends. This bar, after cooling, was broken, and shows conclusively, 
by the color and character of the bore, that no tool and not even the 
air touched it during the operation, the interior having the same 
appearance as the fracture. 

The tubes thus formed are applicable directly for some purposes, 
but by a proper formation of the rolls behind the bases of the 
cones, or additional pairs of rolls, with suitable mandrel or man- 
drels, this tube may, at the same heat, be expanded and finished into 
a regular weldless boiler tube, or gas pipe, as some of the speci- 
mens shown; or this may be done at a separate operation. 

That the metal is not harmed by this rather rough handling may 
be inferred from several specimens shown, of tubes which have 
undergone operations of expanding, flanging, flattening, etc., which 
would try the temper and quality of any respectable tube. 
Speciinens are also shown of brass and copper tubes, made by the 
same process. 


DISCUSSION. 


Mr. Wiliam Hewitt.—This matter has a peculiar interest to me, 
as it reminds me of a little experiment which I tried about twelve 
years ago. I devised a machine similar in some respects to My. 


Mannesmans’ apparatus with the idea of rolling in a single pass a 


bar or billet of perhaps one inch in diameter, to a wire rod of 
about quarter-inch in diameter. By the present method this re- 
quires about 13 or 14 passes. It was one of those things which 
was going to revolutionize the art, but this has since been done in 
quite a different way. The way in which I proposed to do it was 
to pass the bar axially between two revolving hyperboloids in a 
direction intermediate to that of their axes, the latter being so 
arranged that the generating lines would fall into the same plane 
where the rolls came together, converging or rather tapering 
slightly from the small end of the rolls to the larger end; the de- 
gree of taper depending of course upon the amount of reduction 
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which I proposed to give the metal. The rolls had the appear- 
ance shown in Fig. 166. 

Suitable guides were provided for retaining the metal in its 
proper position; the action of these rolls it is obvious was such 
as to draw the metal in and through the apparatus, reducing it 
with a spiral motion. I constructed a small hand model with 
which I experimented upon some lead bars. The model was a 
very rude affair, and hardly adequate for a fair experiment. It 
was too light ; the rolls would spring slightly from the guides, and 
the metal got jammed up between the rolls and the guides and 
was cut to pieces against the sharp edges of the latter. I did not 
succeed in getting a piece entirely through the rolls, but managed 
to make some fair points. I therefore abandoned the idea of 
drawing the metal out into a rod in this way, and devised another 


Fia. 166. 


machine for the purpose of simply pointing ; this being a neces- 
sary operation before the rod can be drawn down into wire. I 
attempted to do this by introducing the end of the rod between 
the inclined faces of two vertical dies moving alternately and very 
rapidly up and down in slides. I first tried some iron rods, but 
these were mashed into no shape, the fibers of the material being 
actually torn asunder; I then tried some Bessemer steel and 
managed to get some very good points. I noticed, however, thiat 
the tips all had a deep conical depression or cavity, and I presume 
if the experiment could have been earried farther, forcing the 
metal through the dies and over a mandrel, that it would have 
been rolled into a pipe or tube, but as I was not particularly inter- 
ested in the manufacture of tubes, and the apparatus as a point- 
ing machine was so uncertain in its operation, I abandoned it. 
Tam also reminded of the experiment in the rolling of rivets 
which my father, Mr. Charles Hewitt, tried many years ago,—in- 
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deed it was before my time,—and I cannot, therefore, give you an 
exact description of the apparatus which he employed, but I be- 
lieve he attempted to roll them in a manner similar to that in 
~ which a puddle ball is rolled into a bloom in the ordinary rotary 
squeezer, the blanks being introduced in one end in a continuous 
stream and dumped out at the other end in finished rivets. The 
rivets all had that peculiar conical depression or cavity in the end, 
and the thing was abandoned on that account. 


» 


Mr. Francis H. Stillman.—Having received information that 
there were parties in New York City who had made tubes in this 
_ method described by Mr. Babcock, I endeavored to get a meeting 
with them and was finally referred to a lawyer who proved to 
_be an attorney for one of the Mannesmann Bros. From papers 
which he has allowed me to examine the following points are taken. 

Mr. Mannesmann states that the rollers should have abrupt 
conical faces placed like skew rolls as used for polishing surfaces 
and I believe for straightening bars. The working faces of the 
rolls should be provided with spiral ribs or corrugations which 
give a more effective hold upon the blank, and owing to the fact 
that they gradually become coarser in pitch, the spiral ribs have 
the effect of progressively drawing the metal from the outer por- 
tion of bar, inward and forward. A later invention allows the 
tube to be expanded after drawing to even larger than original 


bar. Iron and steel should be very highly heated preparatory to 
being subjected to the action of the diagonal rolls. 

The employment of a so-ealled “holding back bar,” which is 
placed with one end against the center of the heated blank at the 
point where it is being acted on by the rolls (Fig. 167), renders it 
unnecessary to reduce the diameter so much as when the holding- 
back effect is obtained entirely by the convergent faces of the 
rolls, so that the blank suffers comparatively little or no reduction 
in diameter. 

The pointed mandrel, the shape of which is shown in Fig. 167, 
is to be used on brass or soft and ductile metals which cannot 
be so highly heated. 

The headed mandrel also serves the purpose of a plug (see 
page 571) to prevent the entrance of air into the tube and inter- 
fering with the welding, or drawing, by the formation of oxide. 
Mr. Mannesmann has made further inventions by which the same 
results are to be performed between revolving hemispheroidal 


rolls. 
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— Mr. Thos. 8. Crane.—I would like to ask if any one present can 
‘tell us the speed at which this tube is formed or the rod is tray- 
ersed through the rolls. I suppose the friction would generate 
more or less heat. I would like also to ask whether the tube as it 
is formed is projected upon the point of the mandrel—whether 
that is the understanding from the sketches. 

Mr. George Schuhmann.—¥rom what I have learned about this 
new method T understand that the tube is not projected against the 
point of the mandrel. The metal parts before it reaches the man- 
drel. In fact, tubes can be made without any mandrel at all, and 
the latter is only used to smooth the inside of the tubes and to 
enlarge them. Although there does not seem to be any wear on 
the point, I should think there must be a considerable amount of 
friction on the bearing part of the mandrel. 

Mr. Wm. Kent.—The rolling hyperboloids are in constant use 
at the National Tube Works at McKeesport, Pa. I saw them in 
Scotland five years ago at the tube works of A. & J. Stewart, 
Coatbridge, and the invention was credited to Mr. Matheson, 
then of the National Tube Works. It is curious that a process 
should be used for finishing tubes which should later be dis- 
eovered as a process which would make a tube. 

Mr, F. R. Hutton.—I might also add a point which has come to 
my own knowledge. Prof. Reuleaux has taken up anew the sub- 
ject of transmitting power by means of compressed air, and pro- 
poses that for that purpose compressed air should be applied of 
a great deal higher tension than we are in the habit of using. I[ 
think he proposes that a pressure of fifteen hundred pounds to 
the square inch should be used at Frankfort which will enable 
him to carry his pressure through very small pipes. Ilis hope 
and expectation is that a Mannesmann tube thirty to thirty-five 
feet in length would enable him to use the compressed air in these 
small pipes with very much fewer joints in his conducting pipes 
than would be required with a shorter length of the ordinary 
lap-welded tube. 

Dr. Robert Grimshaw.—Prof. Sweet called attention yesterday 
to the fact that some one whom he knew had made a machine for 
straightening spindles, using those small rolls, but that the ma- 
chine was not a success, because if you were not careful with it 
you would roll a hole in the spindle. 

Mr. Geo. M. Bond.—I believe the Medart Patent Pulley Com- 
pany of St. Louis have a straightening machine on that principle. 
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So far as I could judge from their circular, the wheels were con- 
ical instead of hyperboloids, the action of the straightening rolls 
drawing the shaft from one end of the machine to the other. I 
have never seen the machine in operation—simply having had its 
operation described to me. 

Mr. J. F’. Wilcox. —A machine similar to the one Mr. Bond 
speaks of was patented about 1878 or 1879 by Mr. Seaman of 
Pittsburgh and is now in use on a very large seale at Akron, 
Ohio, for making hot rolled shafting. The rolls are conical—not 
hyperboloids, and it has been used there as a commercial success 
for the last four or five years. It is also used by Park Brothers 
in Pittsburgh, and they had this same trouble in making finger 
bars for harvesters where the end had to be cut off, leaving four or 
six inches of waste. It has been used and used successfully. 
We have used a number of feet of it where we require high 
speed. It is far superior to the old Jones & Laughlin cold rolled 
shaft. I believe Jones & Laughlin have put in two of these ma- 
chines in the last two years. 

Mr. Wim. Kent.—I remember seeing Seaman’s straightening 
machines in Pittsburgh, Akron, and other places, and my recol- 
lection is that it was a series of cylindrical rolls with collars. I 
would ask Mr. Wilcox if there are any modifications of that ma- 
chine. I never saw the conical one. 

Mr. Wilcox —The earlier machines were made with collars. The 
later ones are turned conically but with such a slight cone you 
would think by the eye that they were cylindrical. Unless you 
put a calliper on, they do not appear conical. They are turned 
up—I should hazard a guess upon it—about fourteen inches in 
diameter, tapering down probably a quarter of an inch in a length 
of thirty inches. 

Mr. Nent.—They have abandoned the collar system, then? 


= 

Mr, Wilcox.—They have abandoned the collar system. Pu 
My. Allan Stirling—When T mention the name of Mr. Henry 
Burden, of Troy, the members will recognize the name of one of 
the great inventors of the country, and particularly in the iron 
trade. I think that his horseshoe machine as used at present is 
one of the most wonderful machines in existence. Mr. Burden is 


also the inventor of the Burden Squeezer, and in experiments 
which he made in connection with squeezing puddle balls it has 
come to my knowledge that he used three vertical conical rolls. 
The ball was put in at the top (I believe at the small end of the 
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cones) and gradually worked through and came out at the bot- 

tom in the shape of a billet ready to be rolled. I am glad to speak 
: of Mr. Burden on this occasion and to pay a tribute to his mem- 
ory as one of the great inventors in this field. 
The President.—Mr. Stirling cannot tell us if those rolls were 
placed on parallel axes or otherwise ? 

Mr. Stirling.—I1 am not sufficiently familiar with them to say. 

Mr. I. H. Richards.—The reference by Prof. Hutton to the 
opinion of Prof. Reuleaux respecting compressed air for trans- 
mission of power recalls some experiments once made in this 
- country in that direction. The air was compressed at two steps, 
first to about 150 lbs., and next to upwards of 2,000 lbs. pressure 
per sq. inch. The first compression generated a high tempera- 
ture in the machinery, but during the last compression no trouble 
was experienced from that cause. The air was conveyed several 
hundred feet in wrought-iron pipes, coupled with straight threads 
and copper washers between the ends; and was stored in a se- 
ries of wrought-iron reservoirs similarly connected. The max- 
imum pressure was maintained for months at a time without any 
leakage. ‘There is no serious difficulty in putting together the 
piping and apparatus, provided a few simple precautions are 
always observed. Fine workmanship is not required; but the 
metal must be sound, and ample foree must be applied,—sufti- 
cient, in fact, always firmly to imbed metal to metal. The “ fits” 
(joints) must be made tight by pressure, not by hand fitting. 
This principle was successfully applied not only to the piping, 
but also to the valves and cocks. 

The results attained warrant the opinion that air at high pres- 


sures is a most perfect spring, giving out very nearly the whole | 
power put into it. Between the pressures of 300 and 1,500 Ibs. — 


the changes of temperature are slight; and allowing 200 lbs. for 
friction and other losses, there is 1,000 lbs. available for use. 
Of course, a return circuit should be used, in order to avoid the 
freezing of the engines, and excessive heating in compression. 
In our experiments, however, the air was not returned. 


The engine which gave the best results had a stroke 5 times the — 


diameter of cylinder, this being about 3 inches; and the highest 
pressure used on the piston was about 1,200 lbs. My own belief 
is that the air should be both compressed and expanded on the 
top of fluid columns, which lie on the piston of the compressor or 
engine, as the case may be. LDesides this, there should be a sur- 
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plus of fluid, a little passing through the valves at each stroke, to 
pack them. Oil, notwithstanding its tendency to foam, is prob- 
ably the best, as it effectually disposes of the problem of lubri- 
cation, and is taken up and carried through the pipes by the air, 
in considerable quantity. 

_ It is probable that the loss by friction in pipes will be against 


wb 
4 


Fic. 167. 


the use of air for transmission through long distances, since at 
such high pressures it is a comparatively heavy body. In this re- 
spect, and as to fluidity, steam will, I think, prove the superior. 
But in some situations, air offers important advantages, and these 


will become much more available, if, as the paper indicates, per- 
fectly sound pipes can be supplied by the new method at a much 
lower cost. 


Mr. Geo. H. Babcock.—1 would say in reference to several re- 


| 


marks that have been made, that Mr. Mannesmann, who is now 
in New York, promised that he would be present at this meeting 
and be prepared to answer any question which might be asked in 
regard to the process. 

Mr. Crane inquires as to the speed. Mr. Mannesmann tells 
me that they have rolled tubes 2 inches in diameter and 24° 
feet long, I think, at one heat, and he thinks that they eould— 
make them still longer if they could conveniently hold their man- 
drel ; that the speed with which the tube comes out is a question 
entirely of the velocity of the rollers, and that he does not see any 
limit to the length of tube which can be drawn at one operation 
excepting the question of holding the mandrel properly. I under- 
stand that this mandrel is socketed in a serew and is allowed to 
revolve, but that it does not revolve at the same speed with the 
tubes at all points, causing a twist in the tube. You will notice 
that these samples all show a sort of spiral—not exactly fiber but 
something like fiber. The mandrel is held firmly by resisting. 
points. (See Fig. 167.) . 

It is reduced as it passes into the conical rolls; and that re- 
duction, in connection with the continuous shifting of the point of 
action, is what is supposed to explain the peculiar effect in making 
this opening. If no mandrel is used the opening will be made as 
is shown in the specimens, through the bar. I have seen a tube 
about the size of my finger and 12 feet long with an opening the 
whole length of it made in that way. 

Mr. Kent refers to Mr. Matheson’s straightening device for 
tubes. I am familiar with that and its operation. Mr. Matheson 
is, Ithink, now in Europe for the purpose of investigating this: 
method. His rolls are hyperboloids, bearing the whole length 
and operating upon tubes with no reduction in diameter. Of 
course he found no interior action. 

With regard to the shafting machine : Mr. Wilcox has explained 
why it does not make the shafting hollow, because 
the rolls are nearly straight, very slightly in- 
clined, and there is no material reduction in 
diameter of the shafting; therefore no such 
action can take place on the interior as is 
found in the Mannesmann machine. The in- 
ventor explains the action thus (Fig. 168): The 
lines of force radiating from the two compress- 
FiG. 168, ing points tend to produce a rupture at the 
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center just the same as occurs in hammering large shafting which 
is frequently found to be either porous or ruptured in the center 
by the action of the hammer on the exterior. As the roll and 
bar revolve, the rupture, so to speak, revolves also, and produces 
a continuous bore. ‘There is also the drawing forward action, men- 
tioned by Mr. Stillman, particularly at the end of the bar, and 
after it has reached the mandrel. But that alone does not explain 
why a tube is made when no mandrel is used, nor how the bore 
can start in the interior of a bar, as in some specimens shown. 
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BY H. ASHTON RAMSAY, BALTIMORE, MD. 
(Member of the Society.) : 
4 

Ir is now more than two decades since the great shock of arms, 
which the nations of the old world viewed at first with only half- 
concealed pleasure, in the hope that it would dismember the 
young republic. Later on their feelings changed to awe, surprise, 
and forced admiration at the sight of the vast armies and navies 
called into existence as if by magic, as they read of the great 
battles which were fought ashore and afloat, quite equaling, 
if not eclipsing, anything which the world had before seen in the 
way of practical military operations, although conducted by a pro- 
fessedly unmilitary people, the genius of whose country was 
opposed to large standing armies and navies. Now that our coun- 
try is reunited, with ail her people working together for the com- 
mon weal, and keeping abreast of the world in progress and im- 
provements in all peaceful arts and industries, in turning our eyes 
to the east, we cannot help observing the unusual activity among 
the great naval powers of Europe in constructing the most power- 
ful engines of destruction. We see iron-clads, torpedoes, and great 
guns with capacities to hurl tons of metal through the air, with 
ranges and penetrative power before supposed to be impossible. 
Does it not behoove us, under these circumstances, to look to our 
own defenses, as these great iron and steel-clad monsters may at 
any time be turned against us; and whereas it is opposed to the 
established principles on which our great civil republic is founded 
to keep up large standing armies and navies, it is of vital import- 
ance that we should provide ourselves with all the most improved 
engines of war, and do what we can to foster and build up the 
necessary engineering establishments for their production. This 
question has to be met technically by the mechanical engineer, 
and I have thought it would be a suitable subject to be discussed 
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by this society, and especially appropriate at the present meeting 
in the capital of the country. 

A great many opinions have been advanced of recent years, in 
view of the rapid improvements made in the power of guns and 
the effectiveness of torpedoes, as to the kind of vessel to be built 
for the navy. Now, it would occupy too much time to discuss 
this question in all its bearings, and besides, it has been done over 
and over again by much abler heads than mine, and my object is 
simply to bring the subject before the society so as to invite dis- 
cussion on it, believing it to be one that comes peculiarly within 
the province of its discussions. All the modern instruments of 
war are of a mechanical nature, and present some of the most diffi- 
cult problems in mechanics, metallurgy, hydraulics, chemistry, and 
pneumatics to be solved by those who would be successful in 
grasping this subject in all its details. Take a modern Moncrieff 
mnounted gun, for instance, with its various mechanical appliances. 
There must be, first, the machines to construct the gun and carriage 
and manipulate the parts; then the several devices for lifting and 
loading the projectile, to elevate and depress the gun; to trail or 
submerge it altogether; to take up the recoil after the fire; bring- 
ing in play all the mechanical powers and the application of 
hydraulics and pneumatics; and the same can be said, on a still 
larger scale, of the great engine of war called an “iron-clad” or a 
“ torpedo-boat,” brimful of mechanical devices. 

But to come to the question, What are the present needs of our 
navy? As the nations across the water have a greater stimulus 
than we on this side to provide themselves with the most pow- 
erful naval appliances, let us watch them and keep pace with 
them, at least to the extent of having some examples of every 
variety of war vessel, gun, or torpedo, but let us produce them 
ourselves, and improve on them if possible, and there is ample 
engineering skill and ability in this country to accomplish it, if 
given the opportunity. It has been said in Congress that it was 
useless to appropriate money to build vessels, when more and more 
powerful guns were being invented, capable of penetrating the 
heaviest iron-clads that could float. In answer to this, could not 
cannon-balls always penetrate wooden war-ships, where the splin- 
ters ensuing would do more damage than the missile itself? Ships 
were never invulnerable to shot, but, like a soldier in the field, 
must take their chances. 

What we seem to need in the way of a navy in peace times is 
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one or two of each established type of vessel and gun, to act as a 
nucleus—in addition some of these should be constantly under con- 


struction at private works, in order to stimulate this line of engi- 


neering, and enable us to be prepared net only to build for our- 


selves, but, some fine day, when the tariff is removed from iron and 


steel, to take the place of our old mother England, and build ves- 
sels for our South American neighbors; yes, and even for England. 
The so-called new navy seems to be starting right. We want, 
first of all, fast cruisers or commerce-destroyers, which will have 
the heels to run away from iron-clads. Some of this class of vessel 
have been recently constructed. Even the much-abused Dolphin 
seems to be a tolerable success, and, considering the bad name she 
has been given, one is quite surprised to see such a tine-looking — 
vessel, and formidable, although only intended for a dispatch-boat.. 
The At/aniu is quite up to the type she represents on the other 
side. By the way, as we are always comparing the speeds of our 
vessels with the English, we should have a measured mile and try 
our vessels over this, just as the English do, in order to make the 
comparison fair. Of course, we know this forced trial, under the 
best and most favorable circumstances, is two to three knots better 
than the vessel will do on an average at sea. Still, it is a standard, 
and when we know what a vessel will do at her best, it is easy to 
compute what allowances are to be made for less favorable condi-. 
tions. The other cruisers recently contracted for by Mr. Whitney 
appear to be pretty close copies of the Vamiva Aan and her class, 
built by the English, representing the most successful specimen of 
this type of vessel, which is also in the right direction. The 
smaller light-draught gunboats also seem to meet our needs. But 


while this commencement is all right, we are losing time in not 
having under way several, say at least three, of the most powerful 
steel-armored vessels for the defense of our coast from the attack 
of foreign iron-clads, These vessels take many years to build, and. 
until we have them, our coast and valuable harbors may be said to_ 
be defenseless. These vessels should be quite equal to the /talia 
and Lepanto, of 14,000 tons, or the English Trafalgar. Great 
attention should also be paid to torpedo-boats and torpedo-boat 
destroyers. The power of the heaviest gun carried in war-ships is. 
unquestionably greater in comparison with the strongest armor in_ 
use for resistance than ever before, if we are to accept the experi-. 
ments at Shoeburyness and other places, where all the advantage 
is on the side of the gun; but it is well known that fighting 
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at sea against a moving enemy is very different from target prac- 
tice. Speaking of target practice, I should like to see experiments 
instituted with a view to ascertaining the effect of firing at shields 
inclined at different angles. From my observation in the Merri- 
mac-Monitor fight, I am convinced that the inclination of the 
resisting armor will greatly diminish the effect of the shot. On 
the Merrimac we had only 4” of armor, yet the cleven-inch shot 
from the Monitor all glanced, with one exception, and this shot 
struck us, point-blank, between wind and water, right on the 
knuckle, where for a short distance the shield was vertical, and 
this shot, although it did not get through into the vessel, broke the 
iron, and sent off large splinters from the wood backing, and 
forced down one of the deck carlines into the engine-room,. It is 
very desirable to know wheiher all iron-clads should not have inclined 
shields, and if so, what is the best angle to give them. To me it 
looks as if the inclined sided shieid or citadel, with a submerged 
barbette battery, will prove to be the outcome of all the present 
experiments as the best and most effective type of iron-clad. The 
English iron-clad Ben Bow is a near approach to this type. In 
addition to the several classes of vessels before mentioned, I should 
think it would be advisable to have some armored vessels without 
batteries, constructed with a special view to ramming and discharg- 
ing torpedoes, These vessels would be most effective for harbor 
defense against iron-clads or other vessels attempting to force their 
way in our harbors. 

My own practical experience in these matters goes back twenty 
odd years ago, and as from my constant business occupation in 
other channels since that period I have not had time to keep as 
fully posted as I would have liked in these matters, I therefore feel 
somewhat diffident in venturing these remarks, but I have purposely 
dealt only with generalities, and tried to avoid questions which are 
in dispute. But we are all interested in building up the navy 
of this country, and in doing it with our own people. If these 
remarks shall have the effect of arousing some further interest in 
the subject among our members, I will feel as if something had 

Mr. Thos. S. Crane—Will Mr. Ramsay kindly tell us if the 
shield of the Merrimae was of railroad iron, as I have been in- 
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Mr. Ramsay.—No, sir ; plate iron. 

Mr. Crane.—P ates fastened on to an iron or wooden frame ? 

Mr. Ramsay.—Fastened on to a wooden backing. The timbers 
were twelve inches square. They were inclined from the extreme — 


beam of the vessel at an angle of thirty degrees and these timbers 
were laid in a transverse direction on that angle. Then there were — 
oak planks which were three to four inches thick at right angles to 

the direction of the square timbers, and then the iron was placed 

at right angles to the direction of the oak planking, and the whole 
was bolted through and through. Oak plank and southern pine 

were used. 

Mr. Crane.—Did the glancing shot have the effect of tearing off 
any of these planks ? 

Mr, Ramsay.—No, sir ; one of the shots which struck the vessel 
onan angle broke through the plates. The plates, I must tell you, 
were made of different thicknesses. We could not get them al! 
of one thickness ; but in some places there were four plates each 
an inch thick ; in other places there were two sets of plates each 
two inches thick. 

Mr. E. P. Stratton.—I would say for the information of the gentle- 
man who preceded me that the projectile which made such destruc- 
tion in the case of the Merrimac was a shell, not a solid shot, and at the 
present time we have guns which shoot with over twice the velocity 
and fully three times the penetrative force of the guns which we 
had at that date, 1861. Under these circumstances the penetrative | 
power of guns seems to have surpassed the wielding power of ships. 
to carry sufficient thickness of armor to resist the penetrative power 
of the largest cannon. If there are any doubts in this matter at the 
present time it certainly seems to be on the side of the guns. 

Mr, Ramsay.—I am aware of that; but the suggestion which I 
make, it seems to me, holds just as well with shot as with shell. 
Only shells were used in that action. 

Mr. Wm. Kent.—It seems to be the tendency of the times on 
the other side of the ocean, if not on this, to seek for three things 
in combination in a war vessel—first, the most powerful gun that: 
‘an be made; second, the most impenetrable armor—so impen- 
etrable that the most powerful gun cannot pierce it ; and third, the 
highest speed. Now, I think that in the present stage of engineer- 
ing it is almost impossible to produce a vessel having that combina- 
tion. I will not say that it is impossible, but to produce a vessel 
to-day which should carry an armament of the most powerful guns 
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in existence, should have the most impenetrable armor in existence, 
and should be of higher speed than any English vessel afloat, would 
cost not less than five millions of dollars; and then that vessel, if 
so built, would probably have too great draught to enter any of our 
harbors. Therefore, I think the solution of this problem is to 
abandon the attempt to combine all those elements in one vessel. 
Mr. Ramsay, I think, has very well brought out the idea of divid- 
ing those elements—having commerce destroyers as one class of 
vessel, and heavily armored vessels for ramming as another. The 
defense of the Port of New York should be first considered. There 
is a larger amount of property to be laid under contribution there 
than in any other spot on this continent. To New York the im- 
mediate danger is that some long range gun may be stationed at 
some point where we cannot drive her away, and lay New York 
under contribution. It seems to me that the most practical way to 
proceed would be to build a vessel, leaving out one of those three 
elements—say leave out speed. It is the immense weight of engine 
and boiler and coal that adds to the draught of the large vessels 
at the present time, and if we sacrifice the speed, having it say five 
miles an hour, and build a floating fort that should have the largest 
guns and the most impenetrable armor, but not much speed, it 
could float around in the shallow water near Sandy Ilook, and no 
vessel belonging to an enemy would dare approach it for fear of its 
guns. None of their guns at far range could penetrate its armor, 
The other vessels, of course, would be the light cruisers—commerce 
destroyers, which would have a different task. It would be their 
business to run away when they came near a big iron-clad, but the 
others could stay anchored like a fort, except that they could float 
around and change their place. A fort which could change its loca- 
tion around a harbor is the idea. I think such an idea was in the 
mind of Edwin A. Stevens some thirty years ago when he designed 
the Stevens Battery. 

Mr. E. P. Stratton.—There is one statement I desire to make re- 
garding the “ needs of our navy.” The nation to which we have to 
look most to as a probable adversary is Great Britain. In the 
event of war with her, or, in fact, with any of the first-class powers 
of the earth, the United States would require as a prime necessity 
a full fleet of fast cruisers, to prey upon the commerce of our ad- 
versary. England to-day controls over one-half of the carrying 
trade of the world, and she is vulnerable to a first-class power hav- 
ing a navy, to the extent of her commerce at least. A fleet of fast 
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cruising naval vessels, in the event of war with Great Britain, 


would soon accomplish results, to which none other of the great 
powers of Europe are liable. England and Ireland have increased | 


© 


so rapidly in population that fora number of years these islands — 


have not produced sutticient food to feed their people, and their 
support is only maintained by a close commercial intercourse with 
other nations. Ilence, with a powerful fleet of American cruisers” 
in time of war, we could soon produce an effect on the population 
of England and Ireland which would be fearful to contemplate. 
Mr. C. EL Em ry.—An officer of the navy, whose position pre- 
vents him from taking part in the public discussion, suggests that 
the key-note of the matter has not yet been touched. It is the 
apathy of Congress to the necessity of improving our navy. We 
all know that the average granger believes that there should be no 
navy. He would rather expend what little money can be obtained 
g harbors in inaccessible places, on public buildings in 


in improving 
his district, or in encouraging new railroads, or something of that 
kind. Every member of the Society can aid in overcoming this’ 
apathy and be a missionary of good in explaining to his Congress- 


man the necessity of encouraging the officers of the Government 


by putting means at their disposal which will enable them to utilize 
the information they have already obtained, and apply Yankee 
genius and improvements to the advances made by others at so 
much labor and expense abroad and thereby secure still better re- 
sults. 

Mr. Allan Stirling.—This discussion has, so far, mainly been 
about armor—the best methods of constructing armor for defense. 
Now, those who have looked into this matter know that the Eng- 
lish Government is doing a great deal more than simply improving 
their armor; they are attending to the construction of the great 
merchant steamships which are built in the United Kingdom, 
and are having them built on a system which will make them very 
useful in case of war. The advantage of a fast unarmored ship is 
very great. In the first place it can choose the vessel with which 
it will deal. If it should meet a heavy armored vessel it can 
simply say, “ Good day, sir; I don’t care about having anything to_ 
do with you,” and steam away, the armored vessel being unable 
to run as fast as this one. But should it meet a merchantman or 
a less formidable adversary, it at once destroys it or brings it 
into port. One of the important things for our nation to do is 
to encourage the construction of very large and very fast ocean 
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ships which in case of emergency could be used as the English 
Government is systematically intending to use their ierchantmen. 
Mr. Ramsay.*—In closing the debate, I have only to answer the 
gentleman who made the statement in regard to shell being used 
on the Monctor instead of solid shot. Iam aware that it has been 
so stated. Still it seems to me that the idea is pertinent to 
solid shut (as well as to shell) to make experiments in firing at 
inclined shields, instead of vertical shields, because if we 
can neutralize to some extent the effect of the shot by inclining 
the shield, of course we save that much weight in the vessel. It 
is not necessary to have the metal so thick. The observations made 
by myself referred to establishing experiments where the shields 
were to be inclined instead of vertical. Such experiments may 
have been instituted, and it may have been apparent that they 
would not be as beneficial as I would think. All experiments which 
Ihave noticed, principally in England, were with vertical targets 
instead of inclined ones. 


* The discussion of this paper bore so close a relation to the matters touched 
upon in the discussion which follows of No. CCLIV. that readers are also referred 
to that paper, entitled ‘‘Our Coast Defense, its Cost and its Mechanical Prob- 
lems; by Jos, Morgan, Jr. 
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OUR COAST DEFENSE, ITS COST AND ITS MECHAN- 
ICAL PROBLEMS, 


BY JOMEPH MORGAN, JOMNBTOWN, PA. 
(Member of the Society.) 


Mucn has been said upon the question of coast defense, and Jittle 


new matter can be presented, but the subject is of such importance 


and the engineering problems are so largely mechanical that they 


are worthy the attention of this Society. 
The work to be done may be Classified is follows: 
Ist. Construction of foundations and other masonry and earth 
works for protection of guns and appurtenances. 


2d. Armor protection for same, : 
3d. ‘The structural metal and machinery for mounting and working 
the turrets and guns, 


4th. The construction of guns and carriages. 
5th. The building of armor-clad vessels. 
6th and 7th. The installation of submarine mines, 
8th. ‘Torpedo-boat defense. 
This paper is intended to open a discussion on coast defense 
and to call attention to important facts which should be familiar to 
every one, or about which there appears to be misinformation. 
Upon the general subject there have been many and able official 
reports, embracing in the list those of the Chiefs of Engineers and 
Ordnance of the army. 
The Army Armament Board, December, 1884. a 
The Gun Foundry Board, 1884. 
~ The Fortification Board, January, 1886, 
. The Senate Committee, Ordnance and War Ships, January, 1886. 
7. i House Committee, Ordnance and War Ships, March, 1856. 
These are all full of interest, and are no doubt in the hands of 
many members of the Society. There is little difference in the 
conclusions reached. The reports treat the various subjects in- 
volved in national defense exhaustively, and much of the matter 
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of this paper is taken from them, particularly from that of the 
Fortification Board, with which the writer is most familiar. 

A very able paper is that of Lieutenant Griffin, U.S. A. Engi- 
neer Corps, in the Journal of the Military Service Institution of the 
United States, which gives in tabular form the cost of defenses of 
8 principal sea-ports, in which ports there is destructible property 
to the value of 4,500 million dollars, and shows “the total cost of 
adequate defense is about 1.3 per cent. on the value of the property 
protected,” The estimate of the Fortification Board, page 28 of re- 
port, for defenses for these 8 ports is somewhat greater, as floating 
batteries were added to the defense. This increased estimate ~ 


however, barely 2 per cent. of the value of destructible property, 


about the premium paid for ordinary fire insurance on a good isk 
for a three years’ policy. 

The W hole estimate of Fortification Board for twenty-seven ports 


is follows 


Land Defenses, Masonry and Earth Works $31,863,000 
20,300,000 

Structural Metal 3,520,000 

Armament, Guns and Mortars................ 25,554,000 

Carriages 9,411,800 
Floating Batterics and Armament 18,875,000 
Submarine Mine sand Adjunets,. 4,354,000 
ad Torpedo Boats 9,720,000 


this amount to be expended in annual appropriations of $11,000,- 
000, The total sum required for defense to be spread over a time 
of twelve years is less than the payments made in three years for 
extravagant pensions. For our population of fifty millions, it is 
less than $2.52 per head. The total cost is little over twice the 
estimated cost ., coust defense to beat off a navy in 1840, when 
the most powerful ship cost $550,000, To-day the most powerful 
war ships cost “ $5,000,000. Ships have increased in cost nine 
fold and cost of defenses only two to three-fold.” 

The question—* What shall we do with our surplus?” should 
be answered with a little common sense. Have we ceased to think 
our national honor is worth anything? ave the people who spent 
four thousand millions to keep our country united so far changed 
that a hundred millions is too high a price to pay for safety? And 


is not present and future protection the most important duty which 
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the Government owes its people? Why should our defenses remain 
obsolete ? 

Apply to this question the judgment which a manufacturing 
concern applies to its business. Would a management with good 
sense neglect to put in new plant and allow its factories to remain 
filled with machinery of capacity unequal to competition with other 


plants springing up around it? Such a concern would soon go out 


of business. We should have defenses complete, with all prepara- 
tions necessary to defend our shores from any force, land or naval, 
which may be brought against us. Proper means being provided, 
we would be able at short notice to beat off an enemy with little 
cost to ourselves, with great damage to him and small chance of | 
success on his part. 

What are these means? And why must they be provided in 
advance ? 

It cannot be done after war is declared, as it will take years to- 
do. There are dozens of great steamers in the possession of Eng-_ 
Jand, France, and Germany capacious enough to carry a regiment. 
each, and swift enough to land a force on our shores a week after’ 
a declaration of war. 

The question of a national organization of militia with provision 
for prompt mobilization is, therefore, an important one. 

It is perfectly feasible to-day to land a force on our shores. It 
would, however, be impossible to maintain such force except in 
close communication with some convenient port occupied as a base 
of supplies. To prevent such occupation and the levying tribute 
upon our great coast cities is the object of our coast defense, or to. 
quote Bernard and Totten’s report, 1826; 

“ Fortifications must— 

“1st. Close all important harbors against an enemy and secure 
them to our military and commercial marine. 

“9d. Deprive an enemy of all strong positions where, protected 
by naval superiority, he might fix permanent quarters in our 
territory, maintain himself during the war, and keep the whole 
frontier in perpetual alarm. 

“3d. Cover the great cities from attack, 

“4th, Prevent, as far as practicable, the great avenues of interior 
navigation from being blockaded at their entrance into the 
ocean. 

“5th. Cover the coastwise and interior navigation by closing the 
harbors and the several inlets from the sea which intersect 
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the lines of communication and thereby further aid the navy 
in protecting the navigation of the country. 
“6th. Protect the great naval establishments.” 

It is taken for granted the proper line of impassable defense is 
not an off-shgre fleet. Although a naval officer is quoted as say- 
ing, “ We need no forts, but our coast defense should be intrusted 
to a navy,” lis position is erroneous, A navy to protect our ex- 
tended shore of over 4,000 miles, and ready to meet a squadron 
of the enemy anywhere on the coast, means a powerful fleet at 
many points, and involves an outlay immensely greater than coast 
fortifications. To meet a possibly superior naval force and join 
it in battle with no alternatives but victory or destruction afloat, 
followed by surrender ashore, is not the task to be given to our 
naval foree. 

“The navy should be free to seek the high seas,” to accept the 
issue of battle when victory is possible, to destroy commerce of the 
enemy, to harass the flanks of a superior force, cut off its supplies, 
and, when close pressed, find, under powerful guns ashore, an ett- 
cient shelter. It should bea flying column, not tied to a harbor 
defense line, but tree to go even to the eneimy’s own shores and 
thus keep his fleet at home. It should be powerful enough, when 
concentrated, to break up a blockade of our important ports. 

To permit this concentration of the naval force, the defense of 
any port must be complete without a navy. A navy may assist, 
although it should not be essential to the defense. It can follow 
up crippled vessels, destroy them after repulse by fortifications, and 
make defeat in attack a total ruin to the enemy. 

The defense of harbor entrances by guns afloat, exposed to 
destruction from shot and torpedoes, and mounted upon that most 
costly, complicated, and delicate of gun carriages, a steamship, is 
an expedient only to be adopted when other location for the guns 
is not available. 

This is not the age of chivalry, when one offers an enemy equal 
terms of battle, but the age of science and mechanism, when results 
are calculated, and we offer an adversary destruction if he accepts 
battle on our prepared ground. The defense, therefore, should be, 
when practicable, at the harbor mouth by permanent works. To 
be complete and impregnable there must be obstructions in the 
channel, to prevent a run by, and powerful guns ashore to keep 
the enemy’s fleet from removing the obstructions or quietly anchor- 
ing and bombarding cities near the shore without danger to them 
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selves. There must be obstructions because “ modern ships of war 
with high speed and heavy armor can pass any shore battery if the 
channel be clear.” There must be guns, otherwise the enemy will 
destroy the torpedo obstructions by countermining. The guns must 
be heavy, for while light guns would prevent countermining by 
unarmored vessels, the heavy armored vessels would proceed with 
this work, unless prevented by armor-piercing guns on shore. 

It is a popular delusion that a good torpedo defense can be made 
by a few old barrels filled with powder or dynamite, and anchored 
in the channels, As a matter of fact, such an improvised defense 
would amount to very little. Efficient obstruction requires careful 
preparation and study of the ground. It is not enough to have a 
single line of mines, “ but the whole area swept by the guns of de- 
fense’’ must be rendered dangerous. The mine most used is a 
water-tight spherical welded steel case containing about 100 pounds 
of gun-cotton, either sunk to bottom in shallow water, or anchored 
and floating belew surface in deep water. It has an electric fuse 
and is connected by cable to the shore, and can either be exploded 
from shore at will of operator, or be made dangerous at his pleasure 
and exploded by the contact of a vessel. It can, again, at any time be 
made non-explosive by the operator ashore, who also can determine 
if its electric circuit is complete, or if it is being tampered with. 
This electric circuit can be made to sound an alarm or fire a gun 
directed at the location of the torpedo in case an attempt is made 
to fish it up under cover of a fog or darkness. These electric 
cables must be carried ashore, under water, to prevent their being 
cut off by shot, to casemates suitably secure provided for the 
operator and his electrical apparatus. 

What a good torpedo defense should be is treated by General 
Abbott, an authority on that subject, in the supplemental report 
to Fortification Board. He says: 

“ For such defense there must be in hand before the outbreak of 
war— 

“1st. The mines and their accessories, cables, electrical instru- 
ments, ete. 

“2d. Submarine galleries and operating casemates. 

“3d. Instructed corps of operators. Without them failure would 
be certain. 


“4th. Flanking guns and electric search lights.” 
The total sum to provide about 5,000 necessary mines, 50 oper- 
ating casemates, 200 electric search lights, is estimated at about tour 
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million dollars, a very small sum. Congress has so far provided 
about 1,400 torpedoes and very little of the other apparatus. 

The casemates and under water protected galleries for cables 
require time to build and shculd be provided at once. The whole 
expense of complete apparatus for torpedo protection of all our im- 
portant harbors is smaller than the amount often spent on a single 
government building. 

For flanking guns to prevent unarmored vessels and small boats 
fishing up or countermining torpedo obstruction, our present forts 
with present guns and a few machine guns will answer. A fleet 
of harbor torpedo boats should also be available to assist in mak- 
ing the torpedo defense dangerous, should the enemy at night or in 
fogs attempt countermining or removal of torpedoes. These boats 
would also make blockades dangerous, or compel the enemy’s 
squadron to haul off coast at night. They may be—say, boats of 
100 feet length, speed, 21knots per hour. There should be 
enough of them built at once to train our engine and boat-builders, 
to bring out the special knowledge required and to have the plans 
and details well developed. Then, in case of necessity, these 
small engines could be turned out in numbers from our numerous 
shops, trained to do good high speed engine work, and the halls 
could be built anywhere and transported by rail or canals to our 
lakes and harbors. The Fortification Board recommended the 
building of about 160 of these torpedo boats, to be distributed to 
various ports, New York, San Francisco, Boston, Hampton Roads, 
New London, Portland, Oregon, to have 18 each. New Orleans, 
12. Philadelphia, Portland, Maine, Narragansett Bay, Key West, 
and Charleston 6 each, and lake ports 12 torpedo gun-boats. 

Another item in the scheme of coast defense is floating batteries, 
for which five ships, three at San Francisco and two at New 
Orleans, are estimated at a cost of $19,000,000. At San Francisco 
the depth of entrance and strength of currents prevent the use of 
torpedoes. At New Orleans, near the heads of passes where tor- 
pedoes must be, no foundation can be had for heavy gun protection 
on shore. The vessels designed for this are superior in armor pro- 
tection and offensive power of guns to any now afloat. 

The report of Commander Sampson, United States Navy, of 
Fortification Board, upon the proper use of navy and floating bat- 
teries, is a very interesting and able one. Of the whole $126,000,- 
000, however, estimated as necessary to defense, over $94,000,000 
are for forts and for armament of heavy guns. Torpedoes alone 
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_ will not suffice, as before shown. It is necessary there should be 
powerful guns properly mounted and properly protected. Sir 

_ Andrew Clarke, Inspector General of Fortifications of Great Britain, 


defines coast defense as “the science of mounting heavy guns to 
_ best advantage.” And, notwithstanding the use of torpedoes, it is 
still so. In the estimate of the Fortification Board of a total of 
$94,000,000 for forts, ete., $32,000,000 were for masonry and earth 
_ works, $23,000,000 for armor and metallic structures, $29,000,000 
for guns, $10,000,000 for gun carriages. Another popular delusion 
is that, if we only had the guns, we could improvise earth work 


cover in a few days, and send the guns when needed to be mounted 
forthwith, or perhaps fired from the shoulder like muskets. 
The question of how much cover is necessary comes in here. 
The penetration of largest guns on shipboard in 1860 was less 
than 4" of iron and less than 3 feet of granite. It is to-day 30” of 
iron, 10 to 20 feet of granite, and 75 feet of earth. 
The Board of Engineers for fortifications say> of late designs: 
“Tn designing a battery to resist a naval attack at one mile, it has 
- been assumed that the heaviest shot at close range may be stopped 
by a bank of compact sand 70 feet thick; that rubble masonry 
_ will offer three times and concrete twice the resistance of sand, 
_ “The parapet of the proposed battery consists of a wall of con- 
 erete 5 feet thick: a mass of stone imbedded in concrete 12 feet 
thick; and 27 feet of sand; equivalent, according to the above esti- 
mate, of 73 feet of sand. The traverses are 30 feet thick at top 
and rise 10 feet above the crest of the parapet, and but one gun is 
mounted between two adjacent traverses. 
“ The service magazine is placed under the traverses, and when 
circumstances will permit, is sunk to such a depth that a shot must 
pass through at least 70 feet of sand before reaching it. When 
this depth cannot be attained, the requisite protection must be 
supplied by rubble masonry.” This gives a measure of the amount 
of work to be done on a seacoast battery. 
‘ The use of rapid firing guns has increased the necessity of thor- 
— oughly covering the gun detachments, while the increase of pene- 
tration has added largely to thickness of work necessary to cover 
guns and magazines. Embrasures in masonry or earth work ne 
longer afford much protection without greatly limiting the angle 
_ of fire. Guns must either be mounted in barbette on disappearing 
earriages or in armor-clad casemates or turrets. A high military 
_ officer is quoted as saying, “ We need no forts, but the guns can 
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be mounted in holes in the ground on disappearing carriages.” 
He is probably not correctly quoted, for while mounting upon 
disappearing carriages of guns in elevated position will no doubt 
be largely adopted as recommended by the Fortification Board, for 
guns of 12” caliber and under there are many positions so low 
down and close to the channel that some armor-clad protection for 
guns used there is absolutely necessary. The few guns of 16” cali- 
ber will be such an expensive part of the artillery defense, their 
manipulation will be so slow and require so much important ma- 
chinery, which must be fully protected, that a revolving turret 
clad with armor seems the only expedient applicable for their 
cover. 

The great increase of weight of guns from old smooth-bores of 
10” caliber, of 7 tons weight, with 2,600 foot-tons energy, and 
15” caliber, of 20 tons weight, with 9,000 foot-tons energy, to 
12”, 50 tons weight, 24,000 foot-tons energy, and 16’, 115 tons 
weight, 54,000 foot-tons energy, makes other changes necessary. 
The mass of masonry required to take the strain of recoil is 
greatly increased; hand power is no longer applicable to hand- 
ling of guns and ammunition, but steam power applied to shafting, 
to hydraulic or to pneumatic machinery is necessary for working 
guns. Guns of 10 or 12-inch caliber, with pivot fastening, covering 
for the boilers, machinery, magazines, gunners, and relief detach- 
ments, require much preparation of masonry and earth work, even 
when mounted in barbette on disappearing carriages. 

As an example, each 10” gun in barbette is estimated to require 
2,300 eubie yards of concrete masonry and about 2,400 cubic yards 
of earth work, and the expenditure of about $13,000 to pre- 
pare to receive each gun carriage and gun. Again, to mount four 
16” guns in two revolving turrets is estimated to require about 
34,000 cubic yards of concrete and rubble work, and about 4,900 
cubic yards of dressed granite work, or a structure of masonry 
about 10 yards deep, 90 yards long, 50 yards wide. To lay sucha 
mass of masonry and give the concrete time to harden properly, 
will require several years, and is estimated to cost $400,000. 
The selection and acquisition of sites for batteries in the neighbor- 
hood of large towns without paying exorbitant prices for land 
require time and care. Sites selected for military reasons may not 


be readily accessible by rail or water transport, and the getting 
together of necessary material and mounting guns of 25 to 85 tons’ 
weight requires weeks. 


* 
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_ Nor are we prepared with either guns or armor protection for 
easemates and turrets. The estimate of the Fortification Board 
includes guns and armor, as follows: 


44 16” Guns 110 Tons 4,840 
6 14” so 480 
203 12” = 10,150 
222 10” = 
102 8” is “ = 1,836 
22,790 Tons guns. 
we ed Mortars | of cast-iron hooped. 
68,000 tons of armor. + 
12,000 “ substructure. 
44 Guns or all the 16” are to be in turret. 
80 Guns of 12” and 10” are to be in casemates, 
These 124 are to be protected by armor. 
_ 54 Guns 12” to be mounted on lifts. 
894 Guns 12”, 10” and in barbette on disappearing or non- 
disappearing carriages. 


The rifled mortars of 10” and 12” caliber are a very important 

and efficient part of the artillery defense, although least costly and 

_ requiring no protection but a sunken pit in the ground. These 

pieces are of modern development; they throw large shells with 

heavy bursting charges, which, failing vertically, can pierce the 

decks of ships of war and will have a most damaging effect. Ex- 

periments have shown them capable of such accuracy of fire, that 

at two miles it is possible to drop 50 per cent. of shells fired inside 

_ the horizontal area of a large ship. Their position will be entirely 
invisible from off-shore, and no effective reply can be made to their 


fire. With a number of such pieces commanding an anchorage, a 


These pieces can be cheaply made of cast-iron hooped with 
steel, although it is likely steel forgings will also be used. 

Of the various details of defense none have been the cause of so ; 
much debate as the construction of the guns and the material of 
_which they shall be made. The Congress committee man has the 
lobbyist always with him, and the steel casting Rodman advocates, 

_ the cast-iron gun contractors, the patent-gun inventors, and other 
interested parties have been sufficiently numerous and active to 


4 


OUR COAST DEFENSE, ITS COST AND MECHANICAL PROBLEMS. 591 


counteract the wisest counsels of our ordnance officers, so that to- 
day all work upon army ordnance is at a stand-still. 

There are symptoms, however, that the cast-iron men are getting 
tired, and we shall hereafter hear little of the possibility of making © 
a large, high-powered rifle gun of cast-iron. The great 12” cast- 
iron rifle at Sandy Hook is practically hors de combat, from erosion 
of the barrel, although only about one hundred and forty rounds — 
have been fired from it. With 54 tons’ weight, it has only the — 
same muzzle energy as a 104” steel gun of 32 tons’ weight. 

The multicharge gun is an ingenious but now useless device. It 2 
is constructionally bad, and a modern rifle gun, with progressive — 
powder, is practically a gun with a great number of charges ex- 
ploding in rapid succession. The Haskell 6” multicharge gun had 
a weight of 25 tons for an energy of 2,885 fvot-tons. The army b 
10” steel gun, with a weight of 27 tons, has an energy of 13,642 
foot-tons. The advocates of gun steel cast and annealed, not — 


forged, or guns cast in steel of one piece, not built up, but treated — 


by internal cooling, on the Rodman principle, are yet to be dis- 
posed of. 

If guns or gun steel can be made equal to the present specifica- 
tion by casting, let them be accepted, but the standard must not — 
lowered to reach material of a lower grade. Nor can casting 
makers ask the Government to demand higher qualities for forging 
than for casting. 

No American engineers can put themselves on record as asking 
for material of low ductility to be put in guns. The engineering 
work of this country has never been done on a lower standard of 
excellence than that of English, French, or German engineers. 
The makers of steel castings have, so far, failed to make the quality 
of steel found in forgings, and the task is, apparently, hopeless. 

The beneficial effect of mechanical work upon a cast-steel ingot, 
in making it higher in elastic limit, higher in ultimate strength, 
and much more ductile, cannot be denied. This improvement in 
quality has not yet been obtained with certainty in any other way 
than by forging. Of a dozen of steel-casting makers doing a com- 
mercial business in this country to-day, I do not believe one will 
undertake to produce a 6” gun tube, unforged, of quality equal to 
United States ordnance specification. They will say the ductility 
and elongation asked for are not necessary in gun material. If this 
be so, then raise the powder pressure and the elastic limit, and so 
increase the efliciency of a given weight of gun and projectile. 
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There is no place for inferior metal in gun construction. The best 
that can be had is always the cheapest. The steel castings gentle- 
men say they can make guns much cheaper by casting than by 
forging. This is important, if true. It will hereafter be shown in 
this country, as has already been proved abroad, that the cheapest 
way to produce gun material is to forge from an ingot of the sim- 
plest possible shape. Meanwhile, the armament of this country is 
delayed, while steel casting enthusiasts search for a cheap way over 
ground where “No thoroughfare” has already been written. 

Whitworth’s hydraulie forging had its origin in a signal failure 
to produce castings equal to forgings. He spent £40,000 in the 
endeavor to make good steel castings, and only retrieved his for- 
tunes by the grand success of the hydraulic forge. 

His establishment has also been through the experiment of cast- 
ing ingots with a central core, and abandoned the method, as it 
was found cheaper to bore out a hole than to core it, and also be- 
cause by boring a porous central portion of inferior material is 
taken out. The cored casting always had an inferior part near the 
center of its thickness, and this is the trouble with all attempts to 
vast guns hollow. It was so with Rodman heavy gun castings of iron. 

The very intelligent and persistent efforts made at Terre Noire 
to produce castings for gun material have not made headway in 
competition with forges. Nor du I see how they can. Gun hoops, 
for instance, are made at Terre Noire from a large, solid ingot. 
The top is cut off as a waster, and the center is bored out. The 
hoops so made cost more in waste material than all the labor of 
forging. 


The whole cost of forging labor on a large gun, with good plant, 


ean be made less than the cost of special molds and preparations 
to cast guns into shape. The advocates of cheap and nasty casting 
methods are deceived by the apparent ease of making castings, and 
overestimate the cost of forging, which, of itself, is a small frac-_ 
tion of the cost of production of gun material. 

Referring to remarks of Mr. Davenport, of Midvale Works, in 
the Naval Institute discussion, we find that some causes of the 
high cost of forged gun steel not generally known are: 

Ist. Sink head scrap. 

2d. Machine work and tool chip loss. 

3d. Oil tempering cost. 

4th. Extra length of forgings for tests, and cost of preparing these 
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5th. Rejection of submitted material. 

In making gun steel by casting alone, none of these elements of 
cost can be avoided. In fact, in casting methods the primary losses_ 
from the first and second causes will be greater on castings, and— 
the certain increase of rejections again will carry with it an in- 
crease on every other element of cost in production. 

A forge will also have one very decided advantage over any 
casting plant which attempts to make guns in one casting. The 
largest ingot required to make a 12” built-up gun by forging will 
be of about 40 tons weight. The 12” gun, being of 50 tons’ weight 
when complete, will require, if made in one casting, an ingot of 
80 tons’ weight, and apparatus very heavy and large to handle it. 
If such a piece is rejected, it will be worth less than pig-iron for 
remelting; but in a forge rejected pieces and sink heads can be 
worked down to small size for commercial uses, and, from the ex- 
ceilence of the stock and its thorough working, will bring the 
highest market prices. There should be very good profit for a 
forge in this item alone. Another great objection to a method 
that requires enlargement of ingots is the fact that the larger the 
ingot the greater the tendency of the iron and other clements to 
separate partially, and the difference in analysis betweeu top and 
bottom and outside and inside is greater, and the variation in quality 
of steel is greater as the size of the ingot increases, The irregularity 
of quality will be much greater than should be found in good forg- 
ing from the small ingots. Mr. Metcalf, in his very interesting 
paper lately read before the Society of Civi] Engineers, calls atten- 
tion to this, although in the same paper he advocates a method of 
manufacture leading to the bad results he deprecates. 

The question whether we should forge or cast gun material can 
be left to the commercial test of cost of manufacture, with every 
chance that the forge will live and grow fat, whilst the foundry 
will die of starvation. 

Bridge makers may as reasonably expect the steel manufacturers 
to cast their steel compression members as the ordnance manufac- 
turers to get their gun material by casting. The reasons for and 
against such practice hold with equal force in both cases. 

The difficulty of getting a good quality of gun steel from un- 
forged metal is great, and increases with the size. Slow cooling 
from a high heat means coarse crystallization and_ brittleness. 
This is particularly the case when the coolir 
melted metal and, in less degree, with forgings. 


ig has been from 
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A very fair example of what may be expected from castings is 
found in the Report of Chief of Ordnance, 1884, of tests of arial 
eylinder made under the most skillful superintendence, and by 
metallurgists of acknowledged ability. This cylinder—24 inches 
in diameter and 5 feet long—was the lower half of an ingot of 
17,000 pounds weight. A 6-inch hole was bored in it, and it was 
then carefully annealed, and, while still hot in the furnace, was 
cooled from the interior with an air blast. It will be sufficient to 
give results of six tangential specimens, three top and three bot- 
tom of cylinder: 


Elastic Limit. Ultimate Strength. Elongation, Red. Area. 
Outside........... 89,000 60,880 2 
(Inside 48,000 97,440 3.8 
Outside 35,000 86,400 14.8 
Bottom. < Middle............ 35,000 86,000 14 
Inside 37,000 88,800 16 


The elongation and reduction of top specimens is exceedingly 


poor, and for 55 carbon steel the ultimate strength and elastic limit 
are far below results obtained with great certainty in good forg- 
ings. To show this, of 55 tangential tests of gun hoops made at 
Cambria Works, in which the elastic limit was 55,000 pounds, the 
minimum elongation and reduction in the 55 tests was 9.67 and 
14.4, and this in case of a flaw. 

The average elongation and reduction was 13.4 and 29.9. 

The first fifteen tests on the list are as follows: 


Elongation | 
Reduction of Area.............. + 


~The others run about the same. 

The reason of the inferiority of castings is that all untreated 
ingots show a coarse crystallization difficult to remove. It can be 
made fine mechanically by continuous forging work upon the metal 
whilst it is cooling down to the critical temperature, and consider- 


ably below it, or by the other method of allowing the steel to cool 


fine-grained, tough, and ductile. This whole subject is very ably 
treated by Mr. J. A. Brinell, whose paper is translated in Ord- 
"nance Construction Notes, No. 39. 

A further treatment of the steel is to anneal it at a lower tem- 


13.0/12.8 18.4)18.0/14.2 13.6 13.2 11.7 14.2 14.6 
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perature to relieve strains from sudden cooling. The larger a mass 
of steel the greater the difficulty of cooling with sufficient rapidity 
to keep it from becoming coarse-grained and weak. 

Assuming that a steel gun equal to the present designs would be 
strong enough if it was made in one piece, and that we can succeed 
in getting a casting free from small blow holes or large cavities, 
which I admit is possible, we should find a specimen cut out of the 
mass anywhere to be coarse and unfit for gun steel. Therefore, 
the casting must be heated and suddenly cooled to change the 
structure. 

In the 16-inch built-up gun the tube to be tempered is about 
7 inches thick, but if the gun were one piece, the metal to be tem- 
pered is 24 inches thick, and, as experience has shown, the result 
with pieces 6 inches to 7 inches thick is not as good as with pieces 
of smaller guns, and therefore thinner metal; the results of temper- 
ing will be certainly very poor on so great a thickness as 24 inches. 
Admitting it were accomplished, and the steel gun was a homoge- 
neous mass of good quality, it would be a much weaker gun than 
the built-up gun. Mr. Virgile, quoted in Ordnance Construction 
Notes, No. 10, gives resistance limits of the two guns, as follows: 
Limits of internal pressure of steel gun, simple. ..24,179 pounds per square inch 
Limits of internal pressure of steel gun, compound.49,780 pounds per square inch 


To remedy this difficulty, the steel casting advocates the present 
Rodman panacea, and propose to cast the gun with a water-cooled 
core, and put the outer metal under initial tension. This, with a 
casting of 150 tons’ weight varying say from 24 inches thick to 6 
inches thick, with 50 to 60 feet length, and a corresponding static 
pressure of fluid metal upon the mold, is a very interesting prob- 
lem of exceeding difficulty, and the result depends largely upon 
chance. In four attempts to make a Rodman cooled 12-inch rifle 
gun of cast-iron, two were failures from castings parting by tension 
in the mass, one was lost by accident to the flask. This was, too, in 
a works where many Rodman guns had been made. The records of 
the manufacture of these guns during the late war, at a time when 
skill of manufacture was supposed to be good, show that many guns 
parted by internal strains either in the pit or in the lathe. If this 
was so with iron, and a shrinkage of 4 inch per foot, will there be 
any less trouble with steel and shrinkage } inch per foot? The 
difficulties of the Rodman people do not end in getting a solid 
casting free from blow holes. Their casting being unannealed 
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will be coarse-grained and weak. It must be heated and annealed, 
and it should be tempered and afterward annealed. This, any 
steel casting manufacturer will admit. Mr. Metcalf says there is 
no known way of getting improper strains out of high steel, except: 
by annealing. 

When this mass of steel, cooled from the interior and with the 
exterior under initial tension, is again heated and annealed, will 
any of the initial tension remain? From my considerable experi- 
ence in annealing steel rolls up to 40 inches diameter and 20 tons’ 
weight, I am sure that if any large mass of steel is heated hot 
enough to break up properly its coarse crystallization, no part of it 
can remain under such initial tension as the Rodman method re- 
guires. Coarse crystallization and weakness, or no initial tension, 
must be accepted with a cast steel gun made on the Rodman plan.* 

Having made a 16-inch gun 42 feet lon 
about the metal in it ? 


g, what can we know 

We can test pieces from the ends, but the position of the base of 
the shot and the front end of the powder chamber is 11 feet from 
the test ring cut off at the breech, and I submit that aside from the 
difficulty of making the large casting and treating it, the impossi- 
bility of knowing anything about the interior condition of the thick 
mass of metal in and around the powder-chamber is a sufticient 
cause for condemning any such steel gun. 

To so treacherous a weapon, however, the advocates of the Rod- 
man methods would commit us, because it is cheap. To mount 
and protect a 16-inch gun will cost $500,000, the best 16-inch gun 
we can buy will cost $100,000. If we saved the whole cost of the 
gun it would be false economy to do it at the expense of safety or 
power of the gun. 

Having shown how difficult is the application of the Rodman 
idea to a material like steel, let us consider whether building up a 
gun is not, so far as shrinkage is concerned, a good and practically 
an exact method of putting the parts under initial strains. 

The theory of construction of guns built up by shrinkage is, 
that whether the system is at rest or subject to powder pressure, no 
part of the system shall be subject to strains equal to the elastic 
limit of the material, and that when in action all parts shall work 


* There is no reason why methods necessary for cast-iron should be used for steel, 
and it seems to me the only promising method is that adopted by Mr. Wellman, 
viz., cast the interior solid, bore out the center, treat the metal to correct crystal- 
lization of structure, and then cool from the interior by air, or water, or oil, 
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together and assist each other in resisting the powder pressure, and — 
this ean be accomplished. 

In No, 33, Ordnance Construction Notes, the shrinkage of outer 
hoops of 8-inch B, L. Steel Rifles is given .034 inch on a diameter 
of 26.3 inches. 

The tensile strain in the hoop due to a variation of j,\j)9 inch is— 
30,000,000 
1,000 x 26.3 
of ;olyo can be readily measured on this diameter by proper instru-— 


about = 1140 pounds per square inch. Ag the difference | 


ments, it will be seen that error of measurement will cause varia- — 
tion of strain less than the smallest variations of elastic limit and | 
ultimate strength which we could hope to obtain in the most perfect — 


material, The formule by which the shrinkages are calculated are— 
proved for each type of gun by an experimental cylinder represent- — 
ing asection of the gun through the powder chambers. The results” 
of experiment egree closely with the formule, Full discussion of 
these experiments may be found in Report of Chief of Ordnance, 
October, 1885, appendixes 26, 27,28. And a study of these papers — 
will, | believe, convince an unbiased engineer that our ordnance | 
officers have brought to the question great practical good sense as 
well as high theoretical attainments. 

In addition to the fact that they are the strongest and lightest, — 
the most powerful argument in favor of built-up guns is the fact — 
that, with proper tests applied to each piece after tempering, we 
have such knowledge of the condition of the metal in all important 
parts of the gun as gives confidence in the weapon. 

The few guns made by our ordnance officers of material manu- 
factured as first efforts by steel works not previously engaged in- 
heavy forging work show excellent results, which should inspire 
trust in the material, the construction and the constructors. 

Of building up guns by shrinkage, it may be said truly to be- 


” 


“simple, easy, and sure.” It does not depend upon the uncertain — 


chances of the lottery combins ition of casting a metal of unknown | 


unmes sured temperature. Success does not 
upon the combination of a dozen varying conditions acting to in- 
fluence final results. On the contrary, the method of shrinkage is” 
as certain as the ability of a mechanic to calliper the diameter of a 
bored or turned cylinder, 

The question of armor also opens a wide field for debate. 
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Shall it be soft wrought iron, iron and steel compounded, al! 
steel, or chilled cast iron? If a forged material is adopted, the 
reasons for preferring steel are: 


1st. From the small number of times the material is worked, it 
is certain steel will be cheaper to manufacture than piled wrought- 
iron material, which, taken from the muck bar, cannot be properly 


massed together with less than 5 or 6 reheatings and weldings. 

2d. There are great possibilities of improvement in the manu- 
facture of steel armor which has so far only been made for a few 
years, and by one concern, and there is reason to hope, with experi- 
ence of many concerns and a longer time applied to the manufact- 
ure, there will be great improvement in its quality. That there 
ean be much improvement in that of wrought-iron armor seems 
improbable. 

3d. That it is likely soft and hard steels can be compounded in 
the same plate successfully, which so far has not been done. 

4th. That steel armor, as now made, is at least equal to iron 
and steel compounded. 

At the time the report of the Fortification Board was made, a 
trial of chilled cast-iron armor with very heavy guns had not been 
made, but the trials of Gruson chilled armor at Spezzia, about a 
year ago, was an event of the greatest interest to the military engi- 
neer. A plate of 87 tons weight and 3 to 4 feet thick was sub- 
jected to 4 point blank shots of the 100 ton 17 inch gun with 826° 
lbs. powder, and projectile of 2,205 Ibs., striking velocity 1,765 ft., 
and energy 47,500 ft. tons. The angles of incidence of projectiles. 
was about 40°, The shots were broken up into small fragments. 
Any one of the shots would have pierced 31 inches of wrought-iron | 
plate ; the fourth heavy shot struck nearly in the samie place as the 
second. The plate was. of course, somewhat cracked, but small 
pieces only having dropped off from interior, it was considered to. 
have passed the test condition, which was that no fragment should 
be detached from inside by blow of shot. Full description of the 
trial is found in the London Engineer. The Krupp steel shot that 
were fired on this trial are said to be equal to perforation of steel 
plates of 1} to 14 calibers without deformation, These experi- 
ments settle the possibility of defending guns in casemates and tur- 
rets, with a material much cheaper than forged iron or steel. The 
influence of mass is so great in constructions to resist large shot 
that a future seems opened for the use cf chilled armor for land 
defenses. And to it 1 commend the attention of cast-iron-gun 
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foundrymen, whose plant the steel guns have rendered useless. 
Sixty-eight thousand tons of castings will keep them busy and 
leave the gun forges a fraction of work also. 

To give some idea of size and construction of proposed guns, that 
of U.S. A. 12” x16" guns is shown in Fig. 154 and Fig. 155. Fig. 
156 shows relative size and power of old guns for coast defense as 
compared with proposed guns. Fig. 157 gives a section of turret 
of Gruson chilled cast-iron, showing gun mounting and machinery 
of turret. 

DISCUSSION, 


Mr. F. M. Barber.*—My first idea in hastily reading over Mr. 
Morgan’s admirable and snggestive paper was that I was going to 


approve wholly and unreservedly each view that he expresses ; 
but I find, on re-reading, that in defense of my branch of the service 
I ought, before touching upon the mechanical problems, to criticise 
some few points which he mentions regarding the part to be taken 
by the navy in the defense of the, coast of the country. I am 
aware that his view is thoroughly indorsed by the report of the 
Fortification Board, of which he was a member, and I would not 
like to be understood as undervaluing the recommendations of the 
Board in so far as the kind of defenses they recommend is con- 
cerned ; but in regard to the quantity of floating defenses and the 
part that must necessarily be taken by the navy, their position is 
not a strong one. I am particularly anxious that I should be cor- 
rectly understood in this matter, for I well understand the evil 
effect of officers criticising each other’s reports where the appro- 
-_priation of money is involved, as it confuses the public. Nothing 
that I have to say would alter the specitie use of a dollar from the 
purpose for which the Fortification Board would apply it. They 
have recommended none too many defenses at anchor; but they 
have not protected those at anchor with enough that move. “The 
navy should be free to seek the high seas,” as the paper says; but 

freedom to do so should depend upon the fact that it has 
enough iron-clads and torpedo boats (surface and submarine), with 
officers and men to man them still remaining to do their share in 
protecting the coast. In these days of torpedo warfare, I take the 
broad ground that the defense of no port can be complete without 
the navy. Not only it may assist, as the paper suggests, but it 
must assist, and it is absolutely essential to the defense. No coast 


* Lieut.-Commander, U.S. N, By invitation, 
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can be properly defended, according to the ideas which I believe 
are most prevalent in Europe, without an outer line of iron-clads, : 
an inner one of gun-boats and torpedo boats, and lastly, the fixed = _ 
defenses at the bottom of the harbor and on the shore. The 
officers and men of the navy have unquestionably the particular 
kind of education which adapts them to the two lines afloat, and 
torpedoes fixed and moveable have caused such a gradual crawling 
down of all the live defenses of a port, off the land and into the 
water, that more and more aquatic knowledge is necessary, and in 
Europe this whole matter is gradually drifting bodily into the navy, 
forts and all. In Germany it is already done. In France, coast 
defenses are in an amphibious state, and in England, judging from 
the discussion of the paper of Colonel Schaw, of the Royal En- 
gineers (Deputy Director of Fortifications), read before the Royal 
United Service Institution in December last, the necessity of some 
kind of combination of the army and navy is recognized and its 
consummation is probably a matter of the near future in England. 
One of our most prominent army torpedo experts once told me 
that he could see plainly the desirability of some such arrange- 
ment in order to obtain a more perfect knowledge of the value of 
fixed mines with reference to their location. Said he: “I know 
what / think a navy-man would do if he had to attack any harbor; 
but [ would very much like to know what Ae thinks he would do,” 
As Viollet le Due argues in his Annals of a Fortress, the pro- 
per place for defense is at the outworks, to harass, discourage, and 


demoralize your enemy, and prevent work on his system of ap- 


proaches.” But this only enhances the value and necessity of a 
stronghold which you know is always in your rear, and to which 
you can retreat from time to time, but which could scarcely be 
made so formidable that a modern fleet could not pass it eventually, 
if the approaches were once clear and could be kept so. Guns 
and electric lights on shore would not sufficiently protect the sub- 
marine mines at the bottom of the harbor. Co-operation of army 
and navy will probably be the solution of this problem in our 
country, and the horse marine will become a living actuality. 

The Fortification Board recommended but 160 torpedo boats for 
our enormous stretch of coast (it is 12,000 miles inside of 4,000, 
if we include the lakes and Alaska), while Germany is building 
to-day 150 torpedo boats for her exceedingly limited coast line. 
The Board recommends but five armor clads, three for San Fran- 
cisco and two for New Orleans. It is true, as the paper says, that 
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they are the most expensive gun-carriages in the world; but they 
are movable, and while the Board provides fixed protection for 
the principal ports on our coast, it makes scarcely any provision for 
the coast between the ports. To fortify strongly only important 
places is an open invitation to an active enemy to effect a landing 
at the unimportant ones, and it should be remembered that, unlike 
Europe, we have no inland fortifications whatever in our country. 
Cost what they may, movable defenses must be had, and their 
power of concentration on any point attacked renders them far 
cheaper than a continuous line of strong-fixed defenses. * 


* The from reliable sources, the growing im- 
portance of the Navies of Europe in connection with the problem of ceast de- 
fenses. 

Germany.—The sea-coast defenses, torpedo boats, torpedoes, submarine mines, 
etc., of Germany, have been placed in charge of the Navy. The Naval Budgets 
of 1885-86 and 1886-87 provide for the expense of maintaining torpedoes, torpedo 
boats, and submarine mines, aud of the necessary personnel to manipulate 
them. 

The fortifications have recently been transferred from the Army to the Navy 
and the following reasons have been assigned for this transfer 

The forts at the mouth of the Elbe, in addition to those at Kiel and Wilhelm- 

haven, have been transferred to the Navy and are garrisoned by the third battal- 
= of Marine Artillery, which bas been added to the existing force for this pur- 
pose. These battalions are officered by line officers of the Navy, and the non- 
commissioned officers are seamen-gunners, Three quarters of the privates are 
gunners from the Navy, and the rest come from the conscription district in the 
is ‘ighborhood. The change was | made on the re commendation of the Minister of 


reasons: 

First—Because the guns and carriages are similar to those used in the Navy. 
Second—As this defense is chiefly against attacks from ships and naval landing 
parties, seamen would more readily appreciate the points of weakness, objects of 


Fourth That seamen were better adapted to care for works in the 
of rivers, and would co-operate with the submarine defeuses more advantage- 
ously. 

Submarine defenses of all kinds have been placed entirely in the hands of 

the Navy. They formerly belonged to the Engineer Corps of the Army, but 
were transferred to the Navy for similar reasons to those given for the transfer 
of the coast defenses. 

An Imperial order of March 16, 1886, prescribes the duties of the Board of 
Inspection for Torpedo Affairs of the German Navy ; and all defenses of ports and 
harbors are to be arranged with the approval of the Chief ef the Admiralty. 

The submarine coast defense, as organized by the German Admiralty, dis- 
_ tributes the available torpedo boats to different districts on the German coast ; 


| 
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I thoroughly agree with Mr. Morgan in his opinions regarding 
the impossibility of manufacturing steel-cast guns of large caliber, 
and he has gone over the ground so thoroughly that nothing re- 
mains to be said. The fact that $20,000 in the last Navy 
Bill is to be devoted to paying for the cast six-inch guns, in case 
they pass the statutory test, will probably settle the matter to the 
satisfaction of the public, although it would have been better to 
have made the amount $100,000, as it would have offered greater 
inducements to experimenters. 

I agree also with the opinion that the question of armor opens a 
wide field for debate; but I do not think that the case for chilled 
cast-iron is quite as favorable as the Spezzia experiments would in- 
dicate. I think it is the general opinion among engineer officers, 
both in this country and in England, that the future possibilities of 
gun-fire are so difficult to estimate that any metallic protection 
should consist of a material whose thickness can be readily in- 
creased if necessity should require it. The very nature of the 
chilled cast-iron prevents the possibility of bolting to the outer 


each district has a torpedo depot, and the amount of torpedo armament of each 
district depends on the extent, importance, and vulnerability of the district to be 
defended. The last fortifications remaining in charge of the Army were the forts 
at the mouth of the Weser, and, by the Imperial order of November 25, 1886, 
these were transferred to the Navy on April 1, 1887. 

France.—On the 6th of March, 1886, a Ministerial decree created an additional 
department in the Ministry of Marine, called the Direction (Bureau) of Subma- 
rine Defense. This Direction has control of all torpedoes, mines, and appara- 
tus used in connection with them, and all torpedo boats. The Director of Sub- 
marine Defense is a Rear Admiral, and the service in each port is divided into 
two sections. Ist. The defense mobile, consisting of all torpedo boats and tor- 
pedo store ships. 2d. The defense fixé, having in charge all submarine 
mines, electric search lights and torpedoes operated from the shore, harbor boats 
carrying spar torpedoes, care of material, mine boats, etc. The commandant of 
the defense mobile in each fort is a commander in the Navy; that of the defense 
fixé is either a commander or lieutenant in the Navy. 

A French ‘ Fortification Board,” organized in December, 1886, consists of five 
Naval officers and five Army officers. 

England.—I\n England the fortifications and submarine mine defenses are un- 
der the control of the Army. The torpedo boats are all under Naval control. The 
question of turning over the command of the sea-coast fortresses to the Navy, 
and making the latter completely responsible for the defense of the coast, is under 
the very serious consideration of the British authorities, and the matter is now 
being discussed between the War Office and the Admiralty. It is proposed by 
the former that the latter shall have entire control, it having come to the Ger- 
man and French view of the subject of coast defense. 

Ituly.—The Direction General of Artillery and Torpedoes of the Ministry of 


of 
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surface, and since a part of its virtue is due to the mass, the plates 
are large and weighty, and would be expensive to move if one 
wished to get at the inner surface, and once there, it is questionable 
if cast-iron could be well held by bolting anyway. 


The plate fired at at Spezzia was supported on each side by a 


40-ton casting, and the whole mass was solidly wedged into a eut- 
ting in the side of a huge rock cliff; the conditions of the mass to 
absorb the energy of the projectile were admirably obtained ; but 
these conditions would not have been the same had this plate been 
in its place in a revolving turret, of which it forms about one- 
fifteenth the weight. The great ingles of the plate, of course, 
greatly assisted it; but this is an advantage to be obtained with 
any metal; and it is quite possible to suppose that a turret of — 
1,400 tons might have at least had its revolving gear seriously 
damaged, because the turret is obliged to absorb all the energy that 
does not glance off in consequence of the hardness and angle of 
the surface, or is not dissipated by the breaking of the projectile. 

A plausible objection to the Gruson turret, and the first to catch 


Marine (chief a Rear Admiral), in addition to the manufacture and purchase of 
material, is also charged with the submarine defense of the coast. The Navy is 
exclusively charged with all that relates to Naval and submarine features of 
coast defense, including light batteries of guns which may be erected to command — 
lines of fixed torpedoes and prevent the operations of the boats of the enemy, 
and with the surveillance of the coast and its electric lighting for military pur- 
pos: Ss 

The general plans of coast defense are studied and drawn up by a mixed com 
mission of Army and Navy officers. In the projected scheme of coast defense it 
is intended to assign from three to eighteen torpedo boats to each of the ports of 
importance, twelve to fifteen in number. Palermo and Naples will be depend- 
ent on the feet for defense, as they can be bombarded from the open sea (so can 
New York). The geueral staff, whose chief is the President of the Superior | 
Council of the Ministry of Marine, forms a separate bureau without administra 
tive functions. It is charged with the study of all that relates to the organiza-_ 
tion of the maritime forces. the plans of campaign, the defense of the coast and 
que-tions of naval tactics and strategy. 

It is proposed to organize a special corps for coast defense, to be officered by 
the older men of the several grades of the line officers of the Navy ; men whose_ 
age entitles them to be withdrawn from active service at sea, and who, for the 
Same reason, can best be spared. The corps will have all or a part of the coast 
defense batteries. 

This project is advocated for two reasons : first, to enlarge the sphere of the 
Navy in the defense of the coast ; second, to stimulate promotion, In the event 
of its creation the corps of coast defense will be charged with the duties of the 
maritime conscription for recruiting the Navy. 

It is also proposed to form a naval reserve of men under forty years of age to 

take part in the defense of the coast. hat ie 


OUR COAST DEFENSE, ITS COST AND MECHANICAL PROBLEMS. 605 


the eye of the military man, is the apparent weakness of the tur-— 
ret between the two guns, As the guns are parallel to each other 
and close together, that part of the turret which is exposed to the 
enemy when you are in the act of firing is the weakest part of the 
whole turret. This is true of all turrets with guns mounted in 
this way; but cast-iron would appear to be less reliable than steel 
in such a situation, ’ 

The projectiles all broke up, which diminishes the value of the 
results to a degree which it is impossible to estimate. They were 
undoubtedly the very best that could be obtained; but steel pro- 
jectiles are still in their infancy, and will be extraordinarily devel- 
oped in the future. They will undoubtedly be made so that noth- 
ing can break them up or deform them. Given an indeformible 
projectile, more wonderful results are yet to be obtained in shaping: 
the head so that it will take hold of an inclined surface. In this 
particular case at Spezzia, it is possible that a softer projectile | 
would have given better results in spite of inevitable deformity, 
on the theory that those used did not hold together long enough 
to vet their work in. 


This whole matter of the proper material for land armor was 
left in an unfortunate position by the Fortification Board, 


They state that in their opinion “ forged steel plates” should be 
used for land fortifications; but they also recommend that “ imme- 
diate experiments be undertaken to determine the most suitable 
armor for turrets and casemates.” It appears to me that this is a 
kind of a Bunsby opinion, whose bearing and application is diffi- 
cult to discern. It affords little satisfaction to those who contem- 
plate the manufacture of steel plates, and no encouragement what- 
ever for those who would wish to venture on any other material, 


while at the same time the experiments recommended are known 
to be utterly impossible with the present attitude of Congress re- 
garding the importation of foreign armor and guns for the pur- 
pose. I think that a special report should have been made on 
these experiments, specifying distinctly the kind, the cost, and 
where the material to make them with is to be obtained. The 
Board’s recommendation of steel for ship armor and guns was spe- 


cific, and has resulted in the establishment of the necessary manu- 
factories, The recommendation for land armor should have been 
equally so, or, in default of it, a tangible method of solving the 
difficulty of decision pointed out. Engineer officers generally wish 
for money to commence at once the purchase of land sites, con- 
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struction of casemates, earthworks, ete., and think that they would 
be fully occupied for a couple of years without any reference to 
armor whatever. This is true enough; but the manufacturing in- 
terests of the country are concerned in the contracts for armor 
which is to be applied to these works, and they should have an au- 
thoritative decision as to the kind, in order to know what to go in 
for. If these experiments are to be made, it cannot be done too 
soon. 

I think it was the general belief that the Gruson target at Spez- 
zia would be knocked out at the first round, and yet the results 
were marvelous. On the other hand, it has been discovered, in 
the use of forged steel armor, that by increasing the number of 
bolts which retain it to the backing, instead of weakening the plate 
from the greater number of bolt holes in the back, you vastly in- 
crease its power of standing up against continuous pounding, be- 
cause a multitude of cracks does not appear to diminish the resist- 
ing power, so long as the plate remains on the backing. It bas 
also been found that in deck plates exposed to oblique fire—say 
20° to 25°—with ordinary ogival-headed projectiles, the soft steel 
presents rather unexpected advantages over a hard steel surface or 
over a softer wrought-iron surface, because, although it scores badly, 
it does not present the kind of a depression or crack which enables 
the projectile to turn and go through as the hard surface does, 
and at the same time it is hard enough not to score so deeply as to 
let the projectile get hold for that reason, as the softer surface 
does. It is the popular theory that a compound steel plate—z. e., 
a soft-steel back and a hard-steel surface welded together—will be 
exactly what is wanted. Wilson, of Sheffield, has lately patented 
such a plate, with a layer of fibrous iron between the two steels, 
and a sample of it is said to have stood well at a recent trial at 
Shoeburyness; but Iam somewhat inclined to doubt the correct- 
ness of this theory, certainly for the armor of anything that must 
be moved. If we can get a homogeneous mass of steel which will 
combine hardness and tenacity to such a degree that, while keeping 
out a moderate blow, it will next bend locally, and afterward, if 
the projectile enters the outer skin, offer it a sufficient uniform re- 
sistance without cracking, we will then present such conditions 
that the energy of the projectile will be gradually absorbed without 
getting through the backing; the injury will be local, and we will 
not rack our whole turret or the framing behind the backing. The 
extraordinary results that they are now obtaining in France with 
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shields made of chrome steel to resist musketry appear to suggest 
that heavier armor can be improved by working in that direction. 
Plates of very great curvature are excessively difficult, if not im- 
possible, in compound armor, and I should think that the cost 
— would always be in excess of that of homogeneous metal. 
‘The cost of steel armor would probably be in this country about 
_ 100 per cent. greater per ton than that of chilled cast-iron, say as 
— $540 per ton to $270; at any rate, for the first that is turned out, 
~ though a Gruson plant for casting 100-ton ingots of iron is not a cheap 
affair, The European prices are $400 per ton for steel and $2C0 for 
chilled iron. The number of tons required, however, is much less 
for the steel. Twenty-five inches of steel would have been equal 
to the 4 feet of chilled iron used at Spezzia, and with the same 
curvature would probably have kept out the shot. This difference 
in thickness would not, probably, equal the difference of first cost ; 
but difference of cost of transportation, cost of foundations, ete., 
are all in favor of the steel. 
Mr. Rogers Birnie, Jr.*—Mr. Morgan has very kindly com- 
mended the work of the officers of the Ordnance Department of 
the 4rmy in practical investigation upon the construction of built- 
up guns, and has truly stated that the manufacture of the several 
experimental guns of new types made in recent years for sea-coast 
_ defense has been preceded by the construction of compound eylin- 
_ ders representing actual sections of the guns through the powder 
chamber. 

These experiments have included not only the construction of the 
full section by shrinking together the several elementary cylinders 
composing it, but also the subsequent dismantling of the section. 
Their object has been two-fold—on the one hand is the practical 
object and on the other the theoretical. 


In the first place the metal of all the cylinders or hoops used in 
these experiments was carefully tested by detaching specimens 
from each for determining the physical qualities of the metals un- 
der free tension and compression tests. The data furnished by these 
tests afforded means for regulating the strains to which the several 
cylinders in the structure should be subjected in the building-up 
process, 

In building up a gun the object must be to utilize as fully as pos- 
sible the elastic strength of all the parts when the powder-gas 
pressure acts, but the strains due to construction, that is, for the 


* Capt. Ordn. Dept. U. S. N. By invitation. 


608 OUR COAST DEFENSE, ITS COST AND MECHANICAL PROBLEMS, 


state of rest, must be so regulated as to leave a proper margin of 
elastic strength in the most exposed parts to give play for the added 
strains due to the pressure of the powder gases, yet still preserve 
these strains within safe limits. The most direct way of estimating 
these strains is to base them upon measured displacements of the 
cylinders when under stress, and this method was adopted in the 
experiments. 

In a practical point of view the tests enabled us to determine in 
general the behavior of the cylinders under stress and when re- 
lieved from stress, and to make a comparison between the displace- 
ments of the elementary cylinders and the displacements of the 
same metal under free tests. Also, by free tests of the metal after 
the subjection of the cylinders to the shrinkage tests, to determine 
the effect of the whole operation, including the necessary heating 
for the shrinkage, upon the physical qualities of the metal. 

The results of numerous experiments have shown that the values 
for physical qualities of the metals determined by the free tests can 
be fully relied upon to indicate the behavior of the cylinder as a 
whole subjected to shrinkage. It will be remarked that in the case 
of a built-up gun the successive cylinders are subjected to pecu- 
liarly homogeneous strains in the direction of the tangent. 

The effect of the heating and shrinkage upon the physical quali- 
ties of the metal has been made a subject of careful examination. 
It is, upon the whole, very little injurious, and in the case of the 
tube or inner cylinder the qualities of the metal have been found 
improved by the compression to which this cylinder had been sub- 
jected. One who attempts to question the utility of the principles 
involved in the construction of built-up.guns upon the plea that 
either the heat used for the assemblage , or that which will be de- 
veloped in the firing, destroys or even materially vitiates the con- 
struction, can have no good ground to stand upon. 

The investigation of theories constituted, in these experiments, 
quite as important an item as the practical observations. It will be 
readily admitted that if the truth of the theories be once established 
for a given structure their application to similar designs follows as 
a matter of course. 

The results of the tests have established in a remarkable manner 
the truth of the theories upon which the formulas of application 
are based. The elementary cylinders used embraced forged and 
oil-tempered steel cylinders or hoops and cylinders of cast-iron 
made and cast hollow upon the Rodman plan to introduce initial 
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tension strains. The applicability of the formulas to the changes 
of dimensions which occur in a thick cast-iron cylinder, having in- 
itial tension, when subjected to an exterior pressure by wire wind- 
ing has been demonstrated. 
This leads to a few remarks upon cast-iron guns made on the 
Rodman plan, If it were possible to regulate the tensions in cool- 
ing so that exactly the right state of tension would be induced 
in the casting to produce a uniform tension, T, throughout the 
wall of the gun under the action of an interior pressure, P, (per 
sq. inch),—then the value of P would be derived from the formula, 


P=T. 
R, 


in which R stands for the exterior radius, and R, for the radius of 
the bore, 

In the 12-inch cast-iron rifle to which Mr. Morgan refers the 
dimensions about the chamber are, R,=4 R, nearly. Then, in the 


cases supposed, — 
 P=3. T. 


The average tenacity of cast gun-iron may be taken at 30,000 
pounds per sq. inch and 13,000 pounds as a fair elastic limit: 
whence we would have P=3 x 18,000= 39,000, or say 40,000 pounds 
per sq. inch, as the safe pressure for this gun, on the assumption 
that it possesses a perfectly regulated initial tension as above. itis 
safe to say that it would be the merest accident if this state of 
things were realized in practice. 

By cutting out rings from initial tension disks of Rodman cast- 
ings it has been found that the curve of initial tension is quite 
different from what it should be to bring about this uniformity of 
strain. The actual initial compression at the surface of the bore is 
less than it should be and the curve through the wall is irregular 
and shows in some cases an actual compression at the exterior of 
the wall instead of the considerable tension which should exist 
there. The interior part of the wall at say from } to 4 the thick- 
ness from the exterior is in a state of abnormal tension. And it 
seems probable that in those cases where the castings have burst 
spontaneously, the rupture started about that place rather than at 
the exterior. 

I do not think that Gen. Rodman ever claimed to produce the 
theoretical state of initial tension, but his claim was in effect to 


610 OUR COAST DEFENSE, ITS COST AND MECHANICAL PROBLEMS, 


relieve the gun from the injurious strains apt to be induced by ex- 
terior cooling. It appears, however, that even this much was a 
somewhat uncertain claim in dealing with the metal cast-iron. 

From all this it is apparent that the value of 40,000 pounds 
deduced above for the interior pressure which the 12 inch gun would 
repeatedly support must be considerably reduced. What shall we 
say then to the claim of the cast-iron gun men that the factor of 
safety is 3, that is, that the gun would not be ruptured with a 
pressure of about 90,000 pounds per sq. inch in the chamber. We 
are much nearer the truth in saying that for repeated pressures 
30,000 pounds is quite as much as this gun can bear. And in 
general we may say that a cast-iron gun is strained to near the 
safety limit at every discharge, under what is now considered a low 
pressure, 7. e., 80,000 pounds; hence the factor of safety is practi- 
cally nil for elastic strength. 

I think this helps to explain the unreliability of cast-iron guns, 
independent of their low power. The present entire lack of con- 


fidence in cast-iron guns is due, mainly, it is true, to their failures 
under actual trials, and if our artillery is compelled to use them (1 
refer especially to rifles) the men will be subject to the moral ill 
effect of expecting the gun to burst atany time, There is certainly 


no need of further experiments with cast-iron rifles, their reputation 
for unreliability is too well established, and there seems to be no 
excuse for our entering upon their manufacture in time of peace. 
The only excuse for their production would be in a period of 
national danger when they might be procured, provided any time 
could be saved over the production of steel guns. 

The question of a steel-cast gun is in such an inchoate state in 
our country that there seems little to be said about it. Considering 
all the uncertainties of the question the manufacture of these guns 
ought at least to be preceded by a system of carefully conducted 
and extended experiments. If the curve of initial tension in a 
Rodman cast-iron gun is so irregular and varies from gun to gun, 
how inuch more irregularity must be anticipated in asteel-cast gun 
made in this way? Or, if this casting is to be annealed and the 
initial tension afterwards re-introduced, is it not probable that un- 
soundness in the interior wall of the original casting will more than 
counterbalance any probable gain of soundness at the bore over a 
gun which might be produced by solid casting ? 

The firing proof of a limited number of steel-cast guns would not 
establish the reliability of the system. We have now reached a 
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stage in gun construction where we cannot justly accept hap-hazard 
affairs. It will be necessary first to establish that the operation of 
producing initial tension in a steel-cast gun can be conducted with 
certainty and can be regulated to a proper degree by the manufac- 
turer. When this has been shown and sound guns so made have 
been produced, the steel-cast gun will have a very respectable 
standing, but at the present date it remains to be shown what can 
be done. 

As regards the built-up guns I have little to add to what Mr. 
Morgan has so ably stated. In these guns we have a certain and 
sure means of producing, by the exterior pressure of the applied 
cylinders, the exact state of initial tension desired at the bore. In-. 
dependent of the careful tests and detailed examination of the 
material which is permitted in making the gun of parts, we have, 
in the effect produced by the very assemblage of the pieces, an ex- 
cellent means of measuring their soundness and elastic strength. 
In fine, the built-up gun made of oil-tempered steel forgings stands 
to-day a pre-eminent success in comparison with any other system. 
A most thorough study of this system has been made in detail and 
the practice and theory of the construction is understood. 

Mr, Oberlin Smith.—Regarding this question of enormous iron- 
clad vessels, to act partially as forts, in the way mentioned by Mr. 


Kent in the previous discussion ; and also our land forts requiring 


to be heavily ironclad, to meet such attacks as we may expect in 
future from modern war vessels, it seems to me that the solving of 
the enormous expense problem incident to such protection, may lie 
in the direction pointed out by Sir Henry Bessemer. He has pro- 
posed to cast a fort whole. Of course the expense of build- 
ing a fort sufficiently large and sufficiently strong in the ordinary 
way is very great; but by this mew method, if practicable, as he 
seems to think, and as seems to me very likely, the expenge would 
be greatly reduced. His idea was to build a number of temporary 
converting plants and make molds in the sand or other earth at 
hand, and then run the metal from the converters directly into the 
walls of the fort, so as to make them one solid piece of any desired 
thickness of steel, thus having the whole fort one great steel cast- 
ing. It has since been suggested that the same method might be 
applied to great ironclads. I do not see why it cannot be done 
with forts, and, perhaps, as has been suggested, for large vessels of 
the type spoken of by Mr. Kent—very heavy and thickly clad 
ones. Of course, with such, great speed would be impossible. | 
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Dy, Robert Grimshaw.—Such forts as are just referred to are 

not chimerical. They have been cast in 1878 and 1879. I was at 
suckau, in Germany, and Mr. Gruson, whose establishment is sub- 
sidized by the German Government, was casting chilled iron forts. 
The sections were twenty-two inches in thickness at the bottom 
and fourteen to eighteen inches in thickness at the top, the chill 
extending to a considerable depth. 

At the works at Buckau, they made a special mixed iron. Mr, 
Gruson uses immense chilling molds, here were two classes of 
such castings made ; one was for turrets and the other for stationary 
forts. Some of the stationary forts were built with turrets and 
some had straight walls. I believe there is now one of those straight 
forts at Antwerp. The masses of the castings were so heavy that 
it was not necessary to make any great connection between the 
sections which composed the turrets or the walls of the fort. In 
1880 I gave to the Franklin Institute an album containing photo- 
graphs of all the sizes of sections that had been cast, and I think 
that in the Bureau of Naval Intelligence they are probably better 
provided than that. The reference made by one of the Naval 
officers this evening to the Gruson apparatus shows that they are 
well informed as to what has been done and what is proposed to 
be done. While on ny feet 1 should like to call attention to the 
desirability of one or two sets of experiments that might be made, 
It seems that too much attention has been paid to getting high 
tensile strength and high ultimate strength, and not enough to get- 
ting a-high elastic limit. It is more desirable to have a plate or 
any piece of steel of which the tensile strength is low but the 
elastic limit high and sure, than to get a high tensile strength and 
never knew where your elastic limit is going to be. There is no 
use in going beyond your elastic limit. As to the means of getting 
such high elastic limit I would suggest that the experiments and 
practice of Whitworth be turned upside down, Whitworth is com. 
pressing liquid steel, but he is generally compressing it from the 
bottom. In compressing the ingot the liquid chills against the 
walls of the mold, and the piston being pressed in from the bottom 
is compressed against a chilled section of steel. You get a tremen- 
dous pressure in your accumulator but you do not get much in your 
ingot. Whatever pressure is put on the ingot in the mold should 
be from above, so that the liquid steel should be what is forced into 
the skin, exactly the same as in stuffing a sausage. As soon as thie 
ingot commences to be bright the steel chills, and we have 
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that skin which is to be filled with liquid steel. Experiments made 
at the Joliet Steel Works show that the specific gravity can be in- 
creased from fifteen to sixteen per cent. by such pressure from 
above. The elastic limit is very much raised and the gases are 
pressed out so that the walls of the blow-holes are actually welded 
together. Those « xperiments point to the desirability of carrying 
them out with such facilities as the Government can give, and with 
such talent as our Navy and Ordnance Department can apply 
Mr. Oberlin Smith.—It seems to me, Mr. President, that the 
method suggested by Sir Henry Bessemer, of casting a large fort 
complete, may prove to be a good thing when it is tried, for one 
reason especially, because no great care need to be taken to get the 
very best material. It is not necessary to use accumulators to com- 
press the metal, and thus improve its density, because the method 
of constructing is in principle a very cheap one, and on account of 
‘this cheapness of construction a great deal of metal may be used 
and enormously heavy walls made of a comparatively common 
— quality of steel. The idea looks so promising that I sincerely hope 
it will be tried in this country as well as in England, 

Mr. W. II. Beehler.*—I thoroughly agree with what Mr. Morgan 
said in his paper. A great deal has been said about steel. There 
~ isno doubt but what steel is gradually displacing cast iron and 

other forms of iron for ship-building. There is one form of armor 
of which nothing has been said. I refer to cellulose armor invented 
in France. It has been applied to making what is called a non- 
sinkable ship. It seems that we have in this country very few 
plants for making steel armor or Gruson armor, but we might be 
able to utilize this cellulose system. This cellulose is a product 
from the husks of cocoanuts. The value of it consists in its elas- 
ticity. A projectile will penetrate the side of a ship and the cel- 
lulose will follow right in the wake of the projectile, and close up 
the breach and keep out the water, so that the lull of the ship may 
be thoroughly riddled with shot and yet this cellulose will keep 
the water out and maintain the ship afloat. That is a form of 
armor which we might use in this country without the expense of 
great steel plants. The French claim that this cellulose will not 
deteriorate. The patent consists in a process of extracting the 
glucose. It has been claimed by its opponents that the glucose is 
not thoroughly extracted, that it is liable to decay and that it gives 
off odors, which might make the ship a very unhealthy place. The 


* Lieut. U. 8. N. By invitation. 
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cellulose is being applied in the Italian and French navies ; and 
English shipbuilders have applied it to some of their ships. It 
is a question whether it is really serviceable, but those Gover- 
ments are putting it in. 

In order to emphasize the fact that the cellulose system of pro- 
tection is being adopted, I submit the following list of vessels in 
which it has been introduced : 


First Class Steel Cruisers—France. 


Name. Displacement tons. 


5,706 
4,162 


Third Class Steel Cruisers—France. 
1,848 LALANDE 
1,848 COSMAS 


1,877 


Torpedo Vessels—France. 


CONDOR. 2 Tor pedo-Ilunters. 
EPERVIER 272 BOMBE....... am 821 tons 
VAUTOR 321 
821 
821 
321 


Italian Vessels. 


Cruisers. Tons. 
3,008—Built at Elswick, England. 


VESUVIO 3,530 jn Italy. 
38,530 
STROMBOLI 8,530 “ 


FIERMOSCA 8,745 “ 
ANGEL9-EMO 2,700—Built at Elswick, England. 


There are no heavily armored battle ships in this list, but it is 
contemplated in new designs to have the extremities protected by 
cellulose armor. 

The cellulose is packed in the cells and the inventor has applied 
the term “ cofferdam” to designate the material because it serves 
to keep the water out of a breach caused by a projectile. Its speci- 
fic gravity is only .08, and it is, therefore, one of the lightest sub- 


| 
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stances known. In packing the cells a fine dust arises which causes 
the men to bleed at the nose, and which is so disagreeable that the 
men can only work in it for a short space of time. 

With the exception of an occasional newspaper note, very little” 
has been mentioned about this cellulose armor, and as the naval — 
service depends upon the ingenuity of our mechanical engineers to. 
provide floating fighting machines, I submit these few remarks with | 
the hope that it may lead to further development, and, perliaps, at- 
some critical period rescue the country from disaster, 

Mr. Jos. Morgan, Jr.—Commander Barber's principal criticism 
of the estimate of the fortification board which I quoted is that not 
enough ships and torpedo boats were provided for, Doubtless 
there should be outer lines of defense, and ships and torpedo boats 
in addition to those estimated for by the fortification board should 
be provided, but the fortification board was directed by Congress 
to report “at what ports fortification or other defenses are most 
urgently required,” etc. Their business, therefore, was not to re- 
port upon naval fleets or their armament, except places where 
floating defenses were absolutely essential. I think the board did 
not attempt to more than indicate what was most urgently required. 
In presenting this estimate only, they judiciously refrained from 
increasing the cost by that of a navy of armored vessels. To have 
done so would have been todistract the attention of Congress from 
the defenses most urgently required, and by an enormous estimate 
have defeated all appropriations for reasonable and immediate 
provision for coast defenses. If Commander Barber's argument 
that more torpedo boats are necessary, be admitted, it may be said 
they are anelement of the defense readily provided at a few months’ 
notice, and so great a number as 160 boats would be sufficient to 
afford experience to a large corps of officers and men. Examples 
being ready for duplication our engine and small ship building 
shops could turn out these boats rapidly. They could be transported 
by canal or rail to all ports when needed. The expense of 
doubling or trebling the number of boats is comparatively small. 

The position of the fortification board on the subject of armor is 
a point which Commander Barber possibly criticizes justly. They 
did not make their views very clear. In my opinion there is but 
one line of progress open, and that is the development of forged 
steel armor by proper appropriations and experiments. I do not 
want to be understood as advocating cast iron armor for our coast 
defetise. It seems feasible in some places and does not involve so 


4 


OUR COAST DEFENSE, ITS COST AND MECHANICAL PROBLEMS. 615 _ 
2 


616 OUR COAST DEFENSE, ITS COST AND MECHANICAL PROBLEMS. 


much outlay or preparation for its manufacture as for steel, nor so 
much time. As to steel forts cast in place, any plan or suggestion 
of Sir Henry Bessemer commands the respectful attention of 
engineers. The evident objection to such construction or any other 
involving large steel castings, unforged, untempered, and unannealed, 
is that from large size and slow cooling the steel will be a coarse- 
grained mass of large crystals with little coherence and strength to 
resist impact, little, if any, superior to cast iron. It is suggested 
that a high elastic limit is the desideratum for armor and other 
steel. This is true, if accompanied by toughness or ductility, and 
tempering in oil has that object in view. By it the elastic limit 
can be raised to the highest point attainable with the given analy- 
sis of steel. The elastic limit of tempered steel is far above that 
of untempered. The raising of the specitic gravity is accomplished 
best by forging. The Whitworth compression can scarcely be 


described as compression from the bottom of the ingot. In the 
apparatus [ have seen and which is described by Whitworth in his 
patent, the steel is poured from the ladle direct into a metal mold 
lined with refractory material. This mold is transported side- 


ways under a cap and above ahydraulic press. The cap is lowered | 
into the mold upon the top of the steel and fastened by tensile 
connections to the base of the press below, which, being put in 
action, lifts the mold up so that the cap connected to the base is 
pressed upon the top of the metal. This operation I have never 
seen, but it may be useful in preventing the formation or increase 
of size of blow holes in the steel.e Whether gas, after it has 
once formed, can be driven out of the steel through the chilled 
outer skin of metal is a mooted point, but the end compression of. 
the ingot must assist the work of longitudinal shrinkage and prevent 
cracking or tearing of the outer tender shell of partly cooled 
metal, and ailso by shortening the cylindrical ingot, assist the flow 
of the liquid metal into the cavity tending to form in the center. 
It is likely that an ingot so made will have a smaller center cavity 
than one cast without pressure. The pressure, if applied to the 
steel while fluid, is doubtless distributed, in accordance with laws 
of fluid pressure, equally throughout the mass. While so applied, 
in my opinion, it prevents blow-holes of appreciable size, and dur- 
ing later stages of cooling prevents cracks from shrinkage. 
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_ Tur accurate determination of boiler and engine efficiency under 
the varying conditions of actual use has been the subject of study 
and discussion by engineers ever since the early days of the steam 
engine. Although authorities differ in regard to matters of detail, 
there is a general consensus of views as to the proper methods for 
making accurate tests, both of boilers and engines. In all cases it 
is a good plan to have accurate tests of this kind made occasionally, 
as conducive to the discovery of unsuspected sources of loss, and 
as tending to promote further economy in the management of 
steam plant. 


Tests of the kind above referred to, being both troublesome to 
arrange for and expensive to conduct, are necessarily resorted to 
only occasionally. In all large establishments, however, it is de- 


sirable to obtain, by some continuous method, reasonably accurate 
indications concerning the operation and management of steam 
plant. Desiring to effect this in the establishment under his man- 
agement, the writer has arranged and adopted the system de- 
scribed below. It has now been in use for some fifteen months, and 
having proved satisfactory and useful, it is thought that a descrip- 
tion of it may be of interest. 


The conditions of the case in question may be briefly summa- 
rized as follows: The steam plant in the establishment referred to,* 
consists of a battery of 6 tubular boilers, each rated commercially . 
at 60 horse-power, of which usually only 4 are in use during the 
summer, and 5 during the winter months; of a Harris-Corliss 
steam engine, having a cylinder 20” diameter and 42” stroke, run- 
ning 72 revolutions per minute, with about 60 pounds boiler press- 
ure, and developing 120 Rorse-pawer 3 also of a pump, connected 


* The works of The Yale & Tow ne Manufacturing Company, Stamford, Conn. 
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with an artesian well and operated continuously during working 
hours. The steam generated is utilized for power, for pumping, 
and for heating, and its cost is, therefore, to be divided between 
these three items. The measuring and observing instruments con- 


sist of an indicator, which is connected to the engine on one day of 


each week, during which day 6 or 7 cards are taken at about equal 
intervals of time; of a water meter, for indicating the amount of 
feed water supplied to the boilers; and of a counter attached to 
the deep well pump by which the amount of water raised is com- 
puted. The weight of coal consumed is computed by counting 
the barrows as wheeled in, they being always loaded equally, as 
nearly as can be determined by the eye. The only important 
assumption in the calculations is that relating to the amount of 
water evaporated per horse-power per hour, which is taken at 30 
pounds. 

Appended hereto is a transcript of the blank form of report ar- 
ranged by the writer, and in use at the works referred to, neces- 
sarily condensed in size for convenience in printing. 

Page 1. This comprises so much of the record as relates to the 
boilers and fuel. The latter consists, in this case, of bituminous 
slack and anthracite dust, mixed in the proportion of about one to 
three or four. Each lot of coal as delivered in the yard has a small 
placard placed on it bearing a number by which the lot may be 
identified. The purpose of this is to enable the purchasing agent 
to be correctly informed as to the quality of each lot purchased, as 
a guide to him in regard to values in future transactions, and also 
as a means of checking the weight of fuel burned as reported by 
the engineer. A small amount of cinders and coke screenings is 
also burned, in order to get rid of them, the proportion of these 
varying from 3 to 10 per cent. of the total fuel. The value of this 
latter fuel is inserted at an arbitrary price per ton. The value of 
the two kinds of coal is inserted at the actual cost of each.  Fi- 
nally, a considerable quantity of chips and shavings is burned (in 
order to get rid of them), the value of which, as a fuel, is determined 
by assuming that during each hour in which it is used under a 
boiler, its value is equal to the value of the coal fuel required to 
run the same boiler an equal length of time. Columns are pro- 
vided for indicating the number of hours during which the boilers 
are in use, whether under tire or banked. 

Page 2, This contains the record indicating the use of steam. 


It shows the number of hours run by the main en; gine ; ; the num- 
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ber of strokes of the deep well pump (from which its duty is 
calculated); the number of hours during which the steam is ad- 
mitted to the buildings for heating purposes, and the amount of 
opening of the valves, <A record is also kept of the temperature, 
= and weather. 


Page 3. This contains, first, a record of the indicated horse-power 
of the engine. To ascertain this, the indicator is connected early 
each Saturday, and cards are taken, during running hours, at 9, 10, 

and 11 a.m., and at 2,3, and 4 p.m., thus giving 6 observations each 
Zane or a total of 24 per month. The mean of these is as- 
. to indicate the average horse-power developed during work- 


ing hours. Two other cards are also taken each Saturday, just 
after the close of work at noon and in the evening, in order to as- 
certain the horse-power required when all the machine tools are 
disconnected. The purpose of this is to enable any unusual in- 
crease in the amount of power required to operate the line shaft- 
ing, and the machinery permanently connected therewith, to be 
detected, and the cause investigated and it possible corrected. The 
large amount of power required “after working hours” in this in- 
‘hea is due to the fact that some 10 or 12 rotary fans, several of 
them being of large size, are in constant use, and are permanently 
connected with the line shafting. The works employ from six to 
seven hundred hands, and as the buildings are large, and are sepa- 
rated by yards of considerable size, the transmission of power to 
the several buildings involves a very considerable length of shaft- 
ing, and the use of numerous jack-shafts, mule-pulleys, ete. 

On page 3 is given also a table showing the cost of water 
pumped from the artesian well. The total number of gallons 
‘pumped is ascertained accurately. The cost of raising this is as- 
sumed at five cents per thousand gallons, this arbitrary figure 
being based upon well-established facts relating to the cost of 
raising water by power to a given height. 

On page 3 is also given a summary of the cost,of fuel, showing 
the percentage of each kind of fuel used, and the cost thereof per 
ton, and finally the total cost of fuel burned. 

Page 4. This contains an analysis of the use of steam, showing 
the average weight of fuel burned per square foot of grate per 
hour, the average evaporation per square foot of grate per hour, 
and also per pound of fuel burned. The aggregate horse-power 
developed during the month, is then determined, and the evapora- 
tion being assumed at thirty pounds of water per horse-power per 


: 
: 
1@ & 


620 STEAM AND POWER. 


hour, the total gallons of water chargeable to the engine is thus 
ascertained. The number of gallons of water pumped from the 
well being stated, the amount of water evaporated in the boilers in 
order to supply the steam needed for lifting the water pumped 
from the deep well is ascertained by multiplying the former figure 
by an arbitrary multiplier, or equivalent, indicating the proportion 
of a gallon of water of evaporation required to raise one gallon of 
water from the well under the stated conditions. Finally, the 
amount of water evaporated which is chargeable to heating pur- 
poses is assumed to be that remaining out of the total, after de- 
ducting from the latter the amount chargeable to the engine and 
to pumping. These figures are then utilized in the table which 
follows, and which indicates the percentage of steam chargeable to 
. power, to pumping, and to heating. 

At the foot of page 4 is a similar table, in which are given the 
actual amounts of all other expenditures for steam and for power. 
The total cost of steam being thus ascertained, it is distributed 
between power, pumping, and heating in the ratios previously de- 

termined, as explained above. The total cost of power is then as- 
—eertained by adding to its portion of the charges for steam the ex- 
penditures for wages and supplies. 

The information thus obtained is utilized to enable an exact 
distribution of charges for power, water, and heat, to be made 

among the several departments of the works in which this system 
is now in use. For this purpose a careful determination was inade 
of the proportionate part of the power, which, under average con- 


- ditions, is required in each of the several departments of the works. 


In like manner, by carefully ascertaining the cubie contents of each 
room, the amount of window surface, ete., the proportionat: 
amount of steam required for heating each has been determined. 
The further use of steam for manufacturing purposes (for heating 
kettles, ete.), being known, it thus becomes possible at the end of 
each month to make an accurate distribution to each department 
of the charges against it for power, for heating, and for steam for 
manufacturing purposes. By providing water and gas meters for 
each of the principal departments of the works, an accurate deter- 
mination of the charges for these accounts is also arrived at. Fi- 


nally, a summary of all the charges above referred to, is made on 
a separate form, as shown below, by means of which each depart- 
ment can be charged monthly with the actual cost of these several 
items, ascertained and distributed with a degree of accuracy quite 
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sufficient for all ordinary commercial purposes, and obtained with- 
out resort to any special or expensive methods of observation. 

To enable the operation of this system to be more easily under- 
stood, the two blank forms which are appended are given with the 
actual figures inserted as taken from the records for the month of 
January, 1887. The blanks required in other establishments, 
would doubtless require some modification from those here given, 
in order to adapt them to altered conditions. In the main, how- 

ever, it is believed that the method herein shown is substantially 
correct, and that it offers an inexpensive and reliable basis for the 
~ accurate distribution of an important group of expense accounts in 
any business using a steam plant, and in which it is desirable to 
— apportion the cost thereof among different shops or departments. 


q 
>. 
A $126 53 £44 20 $78 17 
24 03 7 92 
1125 12 07 2 16 
984 | 6 90 18 49 
1406 | 24 14 2 60 1 80 
37 96 43 11 3 90 3 24 
_ 44 32 76 9 95 
4 22 25 86 | 12 80 
8 44 6 90 1 26 
281 | 862 | 1 30 | ) 2 84 
1 40 1 72 5 2 84 
) 
4 
= 
as 


[RIOD 


sad 19710q aod 
sno 


pow 


go yno Suyaq 0} 
JULMO 
yOu Pd 


| 


sting 


jo dad cy Dut 
“ON JOL UO 


jo spury jo 
JO 20] pUq B SVM TG “ON 


OL SV SMUVAAY 


| 


O 


40J 


‘pag | | | 


“WISIN 


NI 40 “ON 


WA 


| 


‘ayo9 pur jo 
suapulg | 


“poo M 


q 


Supuan 


ELE 


\ 


jo 


snourwniig 


L 


‘sud’ 110m 


WOOU ANION 


. 
= 
«622 STEAM AND POWER. 
| 
no 7 2 
= 
KS | 4 
— 
| 
| 
— 
| > . . . 
| 
m4 
= 
6 


AND POWER. 


TEAM 


“MOUS PUB 


‘OLA AA OL 


‘ano 


‘A OVUGAY GNI 


RRR 


RRR 


RK 


‘Suruedg “sanoyy | 


00 


. 


| 
| 


MOULS 
~|40 
"dK Od 


ONILVA 


“SUOOH 


ANIONA NIVIV 


do adsl 


623 
; 
= 
a 3 
} | 
| 
= . | 
| 
| 
= 
ft | 
J 
‘i 
« 
5. 
“ 
> 
iP: 


R 


= 
© 
— 
i=) 
» 


AM 


STE 


‘Poom Farming sanoy so oy sry puv ‘pong poom jo anyRa aya sv 


(1) (%) aprarp poo Suyaing sanoy Jo Jequinu (%) ay) 77 jo puy ‘poom jo Uosodosd 


“BSULABYS “poo 
COL ELE [ROD 


(hs 
CS 
OS 


dO | Ig ao ANiy 


“L881 ‘pg Aupnugag 
JOJ 4809 [BIOL i 


‘peduind st yO Joquinu [BIOL 
M 


“HT 
co" 


‘ ‘ 


GO'GEL Surysom ‘aaoqe sv ‘SAHON] ‘AMOULG . SAHONT 0% 
“ANIONS NIVIN 


00° O8T lel 
Cal 

28° 180 
OS 9ET 


‘Aupanyeg aq oy 
MOd ASHOH 


6 
| | 
= | 
| 
— 
| | tf | ¢ 
mS 
% > | BE | 
| 
> 
| 
Pig 
| 
A | | 
i 


ap 


q 


“OSU 


uny 
“HO 
vO 


Aspung 

JO 


“AUVWAWOS 


= 
< 
= 


PIS 


STE 


009611 


99°79 = SINT 


S41 016 


» 4 = 


Ge 


OL a SUV EH: BSNOTIVS IVLOL 


OL SNOTIVS TYLOL, 


eee 
JO 1809 ‘ONILVAT 


te 


cs 


SNOTTVD TV.LOL 


“que paulnssy 
pedund Og TIA 


ANIONA OL BNOTIVO TVLOY, 


403 do 


dod jo jooy aannbs ded jo 


“WVOLLS 


jo yous ded pourns 


| 
| 
& 
| : 
Bie 
ing i | 
| 
= 
te: @ 
| 
| 
4 


STEAM AND POWER. 


Mr. James E. Denton.—I would like to ask the author if the 
amount of water used by the engine and the amount of evapora- 
. . . 

tion of the boiler per pound of fuel and water per horse-power of 


engine are given by this report. I presume for his purposes these 
data are not of any particular interest, but to one situated as I am, 
desirous of collesting reliable data about the duty of engines and 
boilers, it seems to me that a record of this kind is likely to give 
us information of a great deal more value than isolated tests do, 
and I should be interested in knowing on this account. I should 
also like to know if Mr. Towne can use his meter for a long time 
without testing its accuracy. Is it a meter of approved type / 

Mr. Towne.—Y es, sir. 

Mr. Denton.—We have been using one for some time and I find 
it is necessary to make a little by-pass to test this meter from hour 
to hour. We recently fitted up a tug-boat for some thesis work and 
we found that the meter gave 115 pounds to the cubic toot and, on 
opening it, we found the slide valve was sprung. I should think it 
very necessary to check the meter by arranging it so that at any 
moment the meter might stop the feeding of the boiler and deliver 
a known number of cubic feet on a platform scale. I want to say 
in this connection that I think the only figures of any value prac- 
tically for distinguishing between the duties of engines and boilers 
must come from records of this kind which go on from day to 
day. I believe that isolated tests of boilers, ten hours at a time, 
are prone toerrors which constantly arise and keep our records danc- 
ing up and down without our being able to get any satisfactory de- 
ductions from them. I should therefore like to see figures resulting 
from such arrangements as this put in the scientific units. Mr. Towne 
speaks of the cost of maintaining this system being a trifle. [should 
like to know how much that was. It strikes me that such a detail 
as this, kept up perfectly, must be a strain on some one, and would 
take quite a fraction of one man’s time to attend to it. I believe 
that any record in a manufacturing establishment which gives units 
for comparison, if the work is at all uniform and the comparison can 
be made to stimulate the attendants from day to day by getting 
closer and closer to desirable results, is bound to be an important 
feature in manufacturing. Where mill-work is uniform, competi- 
tion is very close as to coal, and the practice of using scales fur 
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weighing coal is becoming more general every day, and I have seen 
very useful results come from that. I attempted, in some tunnel- 
ing operations with which I was connected last year, to apply a 
system of this kind to the cost of powder, drilling, mucking, hoist- 
ing, etc.,to greater extent regarding detail than is usual, and I found 
we could not find results to offset the cost except while a number 
_ of gangs were working under similar circuinstances, so that our data 
could stimulate one against the other. Then it appeared to have a 
usefulness which paid for its cost. If competition can be brought to 


bear, I think such elaborate systems of records always have a money 


value as profit. 

Mr. George H, Babcock.—I\ notice a point of some interest to us 
as giving a partial answer to a topical inquiry at our last meeting, 
which was, “ How much power have you found it to take to drive 
machine tools ¢” We have here a machine shop of some size, and 
we have the indicated horse-power given. We find on the eighth 
page that the total horse-power required to drive the shop is_ 
135.05, while that taken to drive shafting and blowers is 66.81, 
leaving 68.24 horse-power to drive the machine tools. It is also 
stated that there are 700 men employed. You will see that this is 
a little less than a horse-power for ten men, which was the esti- 
mate I gave roughly at that time as a fair approximation. 

Mr. H. R. Towne.—In regard to measuring the feed water I 
may say that that was done by a meter made of brass, especially 
for the purpose by the manufacturers, and that we have had a great 
deal of trouble with it. The meter has been returned two or three 
times for repairs, and I think has just recently come back again 
from the makers. The complaint at first on their part was that our 
water must have sand or grit of some kind in it, but such is not the 
case. We have changed its position twice to meet their views, but 
with no benefit yet, and [am unable to account for this constant 
trouble, unless it is inherent in the system of meter construction. 
Water passes through the meter at a temperature of about 212. 

The cost of keeping this record is correctly stated in the paper as 
being trifling. All of the original entries are made by the en- 
gineer, the man who has charge of the engine and boilers, and are 
entered by him on a report blank, just as a marine engineer keeps 
his log. The boiler entries occupy daily probably tive or ten min- 
utes, spread over the day, and practically give the engineer so slight 
an addition to his duties that he does not notice it. 

The other work, namely, of digesting the record and reducing it — 
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to the form needed for use is attended to in the office and requires 
to be done by an intelligent and careful person, but it does not oc- 
eupy more than about one hour of his time once a month, and 
justifies, therefore, I think, the statement that it is trifling in cost. 

Referring to the blank forms which are printed in the paper, | 
might explain further that the first page contains the fuel rec- 


ord. It is a blank large enough to give a line for each day of 


the month with space for the entries to be made comfortably, in 
pencil or ink, by the engineer. In this he enters every day the 
amount of coal burned and certain other particulars which are 
shown. On the next page, which is also kept by him, is the steam 
record of each day, showing the number of hours during which the 
engine is run, the amount of back-pressure on the exhaust in win- 
ter for heating purposes, the amount of opening of the different 
valves for heating and for passing steam for manufacturing purposes, 
and also a record of the strokes made by the supply pumps. On 
the third page the engineer's record is completed by noting the in- 


dicated horse-power of the engine, which is taken on one day of 


each week at intervals of two hours, ora little less; We get an 
average of six or eight cards during the day on one day in each 
week. The engineer, by the way, is provided not only with an 
indicator but with a planimeter for computing the result of the 
cards, and these entries are made by him, and also the record of the 
total number of strokes of the supply pumps. The feed-water 
record is kept on the opposite page, and, having these data, it is a 
very simple matter to deduce from them the other items which are 
of interest. In the first place we make up the commercial account, 
showing the amount of coal of each kind burned, and ascertain the 
actual cost of that coal from the bills, thus showing each month the 
total cost of fuel, the average cost per ton, and the ratio between 
the two kinds of coal used, which consist, in this case, of anthracite 
dust and bituminous slack, burned in the ratio of three or four to 
one. On the fourth page are deduced from the preceding record 
such items as the average weight of fuel consumed per square foot 
of grate per hour, average evaporation of water per square foot of 
grate per hour, average evaporation of water per pound of fuel 
burned, and the total number of gallons evaporated. We then take 
the horse-power of the engine, as given by the indicator, determine 
its aggregate for the month and deduce the total amount of water 
which has been pumped and used for power. In like manner the 
counter on the supply pumps indicates the amount of water raised 
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for all purposes through the works, and an arbitrary coefficient is 
taken as representing the cost of raising that water, since it is 
simply so many foot-pounds of work done. This is easy to do and is 
sufficiently exact. The amounts of water used for pumping and 


for furnishing steam for power are put together and their sum sub- 
Paap from the total amount of water pumped into the boilers, 


the remainder being assumed to have been used for generating 
steam for other purposes, namely, heating and manufacturing. The 
total cost of steam is thus divided into three proportionate parts. 
Its actual cost in money is ascertained by adding together the 
— charges for fuel, wages, water, and repairs, as shown at the foot of 
page four, amounting in this case to S670. Now, the figures al- 
ready obtained give the division of that into three heads, viz., 
pow er, pumping, and steam used for other purposes than power or 
pumping; and taking these proportionate parts, you can at once di- 
vide the money value into three items. Having thus ascertained 
the cost of steam used for power, it is entered in the last column of 
the fourth page. To it is added the wages chargeable to power, 
the cost of oil, water, gas, sundry repairs, etc., the sum of these items 
giving the total cost of power. 
I think the use of the tables will be clear from an examination of 
them by any one accustomed to the use of steain. 
Mr. Denton.—Does it not take a great deal of time to figure that 
out ¢ 
Mr. Towne.—One hour a month. The entries are easily made 
by the engineer from day to day, which he does at intervals during 
his work when he would otherwise have nothing to do, and it costs 
nothing. 
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BY WILLIAM KENT, NEW YORK CITY, 


(Member of the Society.) 


Ir we admit that sharing of profits among the workmen in a 
manufacturing establishment will be of benefit both to employers 
and employed, and so in some degree tend toward a solution of 
the labor question, on what basis should profits be divided among 
workmen in a business in which the profits or losses depend rather 
upon the efficiency of the selling department of the business than 
upon that of the manufacturing department ? 

Suppose the following hypothetical case: Three manufacturing 


companies A, B,and C, each produce per year 100,000 of an article: 


which under average conditions costs $1 for labor, material, and 
shop expenses. It is suld by expensive advertising, the employ- 


ment of agents on high salaries and commissions, and the giving of | 


large discounts. These selling expenses cost $100,000 per year, 
and the selling price of the article is $2.10. <All three concerns 


> 


being on the same footing, each makes 10 cents profit on each 


article, or $10,000 in one year. Suppose that the next year, through 


competition or other cause, the average selling price is reduced | 


to $1.50. 
A, in the hope of cheapening production, introduces the profit- 


sharing system, and in the expectation of sharing the profits of 


the manufacture, the workmen became so much more efticient that 
the cost of production, for material, labor, and shop expenses, is 
reduced to 75 cents, the daily stipulated wages of the men being 
reduced 5 per cent, and the amount of production being in- 
creased 25 per cent. ie selling organization and expense r 
mains the same as the preceding year, costing $100,000, or 80 


cents on each of the 125,000 articles. The total cost for produc-_ 


tion and sale is therefore $1.55, or five cents more than the sell- 
ing price, making a loss on the year’s business of $6,250, and no 
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profits to be divided among the workmen, although their wages 
were reduced 5 per cent in expectation of such profits. 

B puts in better machinery, runs overtime, pays its workmen 
the same wages as before, and doubles its product. The greater 
efficiency of the machinery, and the dividing of shop expenses by 
a larger product, reduces the cost of production to 80 cents. 


More liberal advertising and more agents increase the selling ex- 


pense to $120,000 per year, which, divided by 200,000 articles 
sold, is 60 cents each, The profit and loss account then shows: 


200,000 manufacturing cost at 80c $160,000 
do selling expense cost at 60c 120.000 


$20,000 


C thinks its selling department costs too much, cuts down sala- 
ries, commissions, and advertising to such an extent that the 
yearly expense of the selling department is reduced to $40,000. 
It consequently does not increase the quantity of its business as 
A and B did, but sells the same number as before, 100,000. No 
change being made in the manufacturing department the article 
costs, as before, $1.00 each. Result: 


100,000 manufacturing cost at $1.00 100,000 
do. selling expenses at 40c 40,000 


$140,000 


‘omparing the results briefly, A has the most efficient work- 
men, who give up five per cent. of their wages, and reduce the 
cost of production 25 per cent., yet these workmen, through no 
fault of their own, get no profits, and less wages than the work- 
men of B and C. B and C both pay their workmen as before, 
_ and both make a profit through the adoption of two exactly oppo- 
site lines of policy, B spending money more liberally, C cutting 
expenses, 

Does not this hypothetical case, which is not at all unlike cases 
which continually happen in actual business, show that if profit- 
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sharing be adopted in a manufacturing business, in which the 
selling of the articles produced is entirely separate from the mak- 
ing of them, that the share of the workmen should be calculated 
not on the profits of the whole business, but on the savings in the 
manufacturing department alone ? 

The workmen of A were entitled to a share in the saving of 25 
per cent. which they made in the cost of manufacturing, and if the 
selling department had been managed like those of either B or 
C they would have obtained it. Had B and C adopted the profit- 
sharing system in addition to their change of policy in the selling 
departments, their profits would have been still greater, for their 
cost of production would have been reduced. 

The following is suggested as a fair basis for profit-sharing: 
From the statistics of a year’s production in the establishment 
make an estimate of the cost for labor and shop expenses of the 
articles manufactured. Call this the maximum allowable cost for 
the next year. Pay the men the same daily wages as before, and 
at the end of the year pay them in addition a certain percentage, 
which was agreed on in the beginning of the year, of the difference 
between the maximum allowable cost and the actual cost, if there 
has been asaving. It might be fair to deduct from the maximum 
cost in this calculation any saving which is clearly due to the in- 
troduction of new machinery or to the expenditure of capital, and 
not to increased efficiency of workmen. 

The following is an example under this method : 


No. of pieces made. Material. Labor. Shop Expenses. Total. Laborand s. ex. only : 
Ist year. .100,000 $20,000 $60,000 $20,000 $100,000 $80,000 
piece costs 20c. 60c. 20c. $1.00 
2d year. ..150,000 80,000 70,000 20,000 120,000 90,000 
Each piece costs 20c. 464c. 13\c. 80c. 60c. 
Maximum allowable cost for labor and shop expenses 150,000 at 80c. $120.000 
Actual cost 150,000 at 60c. 90,000 


$30,000 


This saving of $30,000 is to be divided between the employers 
and employees in proportions previously agreed upon. The shop 
expenses, including rent, taxes, insurance, gas, fuel, wages of 
superintendents and clerks in manufacturing department, and 
wear and tear of machinery, are properly included in the amount 
upon which savings should be calculated, since if the total cost of 
these is a fixed sum per year, the cost per piece produced depends 
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upon the number of pieces made, and hence to a great extent 


upon the efficiency of the workmen. The cost of raw material is 
not included, because this cost depends upon fluctuations of the 
market, and to some extent upon the foresight and-judgment of 
the purchasing department, and generally not upon the efficiency 
of the workmen. Material spoiled by the workmen, or excessive 
waste of material, might, however, be charged as part of the cost 
of labor. 

By this method of profit-sharing, the profits to be divided 
among the workmen are the profits which they make themselves 
by more rapid work, by carefulness in avoiding waste of time and 
material, and by general increase of skill. It removes the most 
serious objection to the general principle of profit-sharing, that it 
is easy for the capitalist to share profits with his workmen, but 
impossible for the workmen to share in the losses which the capital- 
ist must bear himself. It makes the workmen share the losses if 
there are any in the manufacturing department, in which depart- 


. 
ment alone the workman is concerned. He shares neither the pro- 


fits nor the losses of the purchasing and the selling departments, 
with which he has nothing to do. 

The writer is not aware that the plan herein suggested has ever 
been tried, but thinks it likely, in view of the numerous experi- 


ments which have been made with profit-sharing in various forms, 


that it may have been tried somewhere. If so, he would be glad 


to learn what were its results in actual experience. 
DISCUSSION. 


Mr.Wm. Hewitt—This is certainly a common-sense and concise 


way of presenting this important problem, and Mr. Kent’s sugges- 
tion as to the basis on which such a division of the profits should 
be made is no doubt very fair and just, but the question arises as 
to the practicability of such a scheme. Who is to determine what 
the material costs? If such a system were adopted, the employees 
of course would naturally wish to be satisfied as to the correctness 
of the estimates, and this might be a difficult thing to do in certain 
cases. Where a concern is manufacturing a solitary article, the 
cost of which can be determined with accuracy, the scheme would 
no doubt be feasible; but where a concern manufactures a variety 
of articles, would it not lead to as many disputes as now occur 
under the existing relations between capital and labor? Whatever 
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the result might be, a scheme of this kind should certainly not be 
applied with any idea of obtaining Jabor at lower rates than the 
market commands, but solely for the purpose of increasing its 
efficiency ; and this is what I understand to be the purpert of Mr. 
Kent’s suggestion. To a man who is paid by the day, of course it 
is an incentive for him to be more energetic and less wasteful 7 
but for a man who is paid by the piece,the matter does not possess: 
the same significance. Such men usually do their best anyhow, 
not to mention frequent spurts ; and all the incentives which could 
be offered them would produce no better results, as far as quantity: 
is concerned. The only incentive which the profit-sharing system 
would have to this class is to do better work or decrease the amount. 
of waste. The natural inference, therefore, is that it is a better. 
policy to pay by the day, and give the workmen the benefit of the 
difference between the actual and maximum allowed cost. The 
determination of the latter would open as many questions for dis- 
cussion between employers and employees as the determination of 
the schedule of wages. Would the advantages be worth the effort: 
and would not the tendency be for the employers to make the dif : 
ference between the actual and maximum cost as small, and the 
employees to make it as great as possible? With the increased — 
efficiency in the men which such a system of profit-sharing might 
effect, the old estimates on which the original maximum cost was 


based would lose much of their significance in the lapse of time, 


and the general tendency would be, I think, for this figure to de- 
crease. The conditions which would govern such decrease would 
depend largely on the skill of the men, and the improvements in 
mechanical appliances which maybe introduced ; and the question 
arises, would the decrease in the actual cost be proportionately as. 
great? In other words, would not the actual and maximum costs— | 
like water—tend to a common level, the level of good management / 
So that the only profits to be considered, after all, would be what 
could be realized on sales. If this scheme is to become the means. 
of improving the management of a concern, it wonld seem to have 
more force if those to whom the management is intrusted should. 
receive the benefit of any share of the profits which may be set. 
aside for such a purpose. 

Mr. Jno. T. Hawkins.—1 do not believe that any equitable 
system for profit-sharing has yet been or can be suggested, nor that 


7 


the basis suggested by Mr. Kent, on the third page of his paper, 
can be considered as fair to the manufactureroremployer. It can be. 
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shown, however, I think, to be a decidedly one-sided arrangement. 
~The fundamental idea conveyed by Mr. Kent’s proposition is, as I 
understand it, that, whatever diminution in the cost of product 
shall come from increased efficiency on the part of the so-called 
workman only, shall accrue to them alone as a share of the profits, 
no matter what conditions may obtain in those parts of the business 
over which they have no control, or which their operations do not 
affect. If this is not, in principle, what he aims at, what he pro- 
poses is merely ordinary profit-sharing, except that some portion of 
the personnel engaged in the selling part is leftoutin the cold. But 
he thinks that his hypothetical cases show “that the share of the 
workmen should be calculated, not on the profits of the whole 
business, but on the savings of the manufacturing department 
alone,” and says, further on, that the saving of $30,000 in his ex- 
ample in the second over the first year “is to be divided between 
the employers and employees in proportions previously agreed 
upon.” As the saving, however, so far as the workman’s interest is 
concerned, hinges on the meaning of the word “ calculated ” in the 
first and on “in proportions previously agreed upon” in the second 
quotation, what the workman would get additionally to his regular 
wages remains very indefinite, particularly if he accepted a redue- 
tion in the latter, as in one of the hypotheses. If the workmen, 
so-called, are to share in the profits of a given business, it can only 
be done by their sharing, also,.in all the responsibilities, as well as 
in the losses, when the latter obtain; and Ido not think that the 
basis proposed provides any better means for doing this than or- 
dinary protit-sharing, where all may share in the entire profit. 
Articles of manufacture are as good as not made until they are sold; 
and their sale, as wellus the purchase of the materials of which 
they are made, through and by means of the machinery of com- 
merce, is as much to be regarded as a part of their production as 
the mere labor expended upon them in the factory; and this con- 
stant effort to draw a line of marked distinction between the men 
who sell and buy and plan and originate and conduct and convey 
the articles made in the factory and those who labor at their actual 


construction, regarding the latter as the only workers in the case, 
is most mischievous, and goes a very long way toward encourage- 
ment of the present unsatisfactory state of things in the world of 
labor. 


A steam-engine or a printing-press or a mousetrap is not a per- 
fected production, occupying its allotted and designed place in the 
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world’s economy, until it is sold, transported to ite destination, 


erected and ready for operation ; and every person employed in any 


capacity whatever, including the employer and his subordinates 
Who assist him in the conduct of the whole business, such as super 
intendent, salesmen, clerks, book-keepers, foreman, buyers, ete, 
are as much workmen, and contribute their share to the placing of 
the pig-iron or ore or trees of which the article is primarily con 
structed in its place in the world as an operative machine or product, 
a8 the man who makes the patterns or the drawings or the ca stingers, 
or he who applies his labor to the various processes which are 
necessary to its mere construction as a machine or product. It 
would profit the workinan, so-called, little, be he never so assiduous 
and productive in his part of the performance, if the salesman doe 
not sell his product, if the book-keeper does not perform his duties 
properly, if the designer causes imperfect machines to be built, if 
the draughtsman makes errors such as to offset a workman's 
yreater efficiency, or if the proprietor adopts such methods through 
out that his machines or product cannot compete successfully with 
others; and there would be no more equity in confining the se 
called workman's emoluments to and basing them upon the net 
results of his particular branch of the business than there would be 
in the proposition that the employer and his other assistants 
silesinen, buyers, ete. should be accorded it certain profit inde- 
pendently entirely of the so-called workmen, leaving to the latter: 
the losses or gains, as the case might be, after the proposed  protits 
were paid to the others, It would be quite as proper and equitable 
to suyyvest that, in order to encourage the salesman to sell 
machines, the buyer to make better bargains, the railroad comm 
pany to transport more quickly, safely, or cheaply ; the superinten 
dent so to arrange the details of the business as to save more at 
every point, the book-keeper to dispense with a part of his assist 
ance and do more himself, and the proprietor to manage his part 
of the business better and more economically —to allow them all, 
in addition to their fixed salaries or rates of commission, a share ‘of 
the profits, leaving the so-called workers the responsibilities 
the losses which might ensue, as to insure the workmen a profil 
based upon their efforts, to the exclusion of the rest of what goc: 
to make up the entire personnel of the business. 

Profit-sharing, to be equitable, means co-operation ; and co-oper: 
tion fails, because men cannot do well what they have not learned 


to do or had experience in doing. A blacksmith cannot be a book 
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keeper nor a salesman. Tis voice, therefore, in such a concern, is 
good only 8o far as it applies to blacksmithing, And so it is with 
every branch of such a concern, 

As the world has gone on supplying the multitudinous demands 
of civilization, it has been, and, in my opinion, will be, best done by 
aman or set of men fitted by education and experience as proprie- 
tors, with the necessary money capital, carrying on and conducting 
the business for the production of a given article ; and he or they 
who supply this capital and experience and ability to carry it on, if 
done successfully, must have the privilege of deciding what that 
part of his or their business, which is so often mistakenly dis- 
tinguished as “labor,” alone shall cost, quite as much as how much 
he or they will pay for advertising or selling or conveying or buy- 
ing; and of obtaining it in the open market just as he does his 
materials and all the other items which go to make up his total 
cost. The only other equitable way is to make every one concerned in 
a business a proprietor—which, in other words, is co-operation ; and, 
60 far, the latter has failed, and inevitably wall, I think, always fail, 
for the reason that it calls upon men to exercise forces not at their 
command, To make co-operation successful, every member of 
such an association must be capable of performing successfully the 
duties of a proprietor, The actual capital employed in any busi- 
ness consists of two kinds—imoney and services rendered, Every 
person contributing his services to the prosecution of any business 
invests it in a portion of the total capital employed, which is in 
proportion to his ability to perform, and the relative proportion of 
his services as existing in the sold product. The money capital in- 
vested is used to enable the proprietors of personal capital to 
obtain a fair interest on their investment ; and the workmen hires 
this capital and makes proportional use of it just as much as the 
;roprietor or any other person engaged in the business. The 
money capital must, of course, earn its interest and be protected, so 
as to be always prepared for the exigencies of business which call — 
for ite use; but there is no kind of capital invested in business which 
obtains so much or so sure an interest upon the value invested as 
that contributed by the personnel of a business in services ren- 


dered, Let us, however, see how the proposed scheme would work, + 
if what Mr, Kent regards as the workman were to receiye all that | 


he saved by his extra efforts—which are the only conditions under 
which he may be said to be the recipient of all the savings lhe may 
effect. Let us apply this in the light of Mr. Kent’s own hypothet-— 
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ical cases. Assuming that he would divide the total cost of mere 
production among the items, labor, material, and expenses, in the 
four hypothetical cases, in about the same ratio as in his example on 
his third page—7.e., 20 per cent. material, 60 per cent. labor, and 
20 per cent. expenses,—this would give, in his first case, for labor, 
30 per cent. of the total cost of producing and selling; and I have 
no doubt that, in many manufactures, this proportion would hold 
good. In sucha case, the employer, with his money capital, together 
with all those that take part in the business who are generally dis- 
tinguished as apart from labor, and exist under the elevated title of 
expenses, would supply 70 per cent. of what constitutes the total cost, 
and the so-called workman, 30 per cent. in his labor. Now, if the 
profit is 5 per cent. on the total cost, as in case 1, it seems fair, with- 
out any other change whatever, that ,8, of this should be divided 
among the so-called workmen, and it would be, provided that, 
in case of loss, the latter could be similarly divided. Thiree-tenths 
of this 5 percent. profit on the total cost would be equal te 14 per 
cent. of the total cost ; but this, if paid him as a share of the profit, 
would be equivalent to an advance of 5 per cent. in his wages. 
But in his second hypothesis, Mr. Kent suggests that the so-called 
workmen consent to a reduction in fixed wages to this amount, ex- 
pecting that, by dint of doing what was clearly his duty to do in 
any case, ¢.e., produce as much in the allotted hours as he could 
do, without undue exertion (and certainly he could not expect to do 
any more than this, in any case), he could produce so much more 
that he would cheapen the cost of production by 25 per cent., or 
the total cost of production and sale by 125 per cent. But the 
selling price, owing to competition, has gone down 25 per cent., 
everything else remaining as efficient as before, and unchanged. 
Now, in this case, who is to bear the loss? Is it fair that the 


results of the so-called workman’s efforts—which are strictly only 
what he was in duty bound to perform in the first year—shall be 
rendered to him as profit, when the results of the remainder of the 
personnel of the establishment, as well as of the money capital em- 
ployed must be less, because of the reduction in price‘ Should 
not the workman bear his proportion in reduction in price as well 


as the proprietor or any other person taking part therein? Under 
the hypothesis, if the workman is to receive all that he has added 
to the value of the product, he will receive 12§ per cenf. of the 
total cost, because he saved that much by his superior assiduity 
over the preceding year, and loses 5 per cent. of his wages, equals 
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1} per cent. of the total cost, which he voluntarily submits to in 
reduction of his fixed wages, and would be in pocket 11 per cent. 
of the first year’s total cost, or would have received what is equiva- 
lent to an advance of 363% per cent. in his wages, while the em- 
ployer would suffer a loss equal to over 3 per cent. on the total 
cost, to say nothing of the value of his personal services. As in 
this case the proprietor could scarcely be held responsible for the 
drop in prices, this would be equitable profit-sharing with a ven- 
geance! And if the line is to be drawn somewhere below the pro- 


prietor, where the profit-sharing man ends and the non-sharing 


salesman, superintendent, or other person begins, all on the same 
side of that line with him would share with the proprietor his 
loss. But if the workman is not to receive all this becanse he pro- 
duces it, to be equitable, he must share it with all the rest in some 
proportion previously agreed upon-—and the scheme becomes 
ordinary profit-sharing, in which all participate. It is either one 
or the other, or some one engaged in the business is treated un- 
fairly. And we have only to ask, if the fall in price more than 
equals the gain by the workman’s extra efforts, how can a proper 
share of the net loss be borne by the workman / 

In Mr. Kent’s third case, B first puts in better machinery. Well, 
if he does, he probably has to advance or borrow from some one who 
will accept his signature as collateral an additional amount of eapi- 
tal,in order to buy this improved machinery ; and he will be lucky 
if, by means of it, for several years, he realizes more than the inter- 
est on the additional outlay necessary to buy it. Then he runs over- 
time. Mr. Kent may have found out how this may be made to 
contribute to greater product per dollar expended ; and, if he has, 
I have no doubt the majority of manufacturers would like to be let 
into the secret. My experience has been that it causes three dis- 
tinct series of losses when it is resorted to: First, all workmen ex- 
pect to be, are, and should be, paid higher rates for overtime ; sec- 
ond, the work is done at night, under indifferent light, and after the 
operative is comparatively exhausted with his daily endeavors, 
and therefore he does not produce so much in a given time; and, 
third, being worked more hours per day than when not working 
overtime, he is not able to accomplish so much in his regular hours 
the next day. Instead of gain, therefore, this process involves 
three distinet sources of loss. If the average manufacturer could, 
by putting in better machinery and working overtime, paying the 
same regular rates of wages for regular hours and extra rates for 
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overtime, reduce the cost of his product 20 per cent., after paying: 
interest on the additional capital required for the improved ma- 
chinery, we ought, all of us, to be able to retire from business at a 
very early age. But Mr. Kent supposes the product to be doubled 
by the means taken, while he has reduced the cost 20 per cent. 
Therefore he either works his men a good deal more time or em- 
ploys more men; and, as the capital employed will be somewhere 
in proportion to the amount of wages paid out, there will be an- 
other little item of interest due to the proprietor or to the bank 
or to the party from whom he may borrow—all of which consti-. 
tute a part of the current expenses, and, therefore, of total cost to 
him ; and, instead of his finding he could devote 10 per cent. addi- 


tional to the cost of advertising and selling, and having 7 per cent. 


profit left, his interest account and loss from non-efficiency of 


workmen—due to working overtime—would bring him out at the 
small end of the horn. 

In the third hypothesis, C furnishes an equally singular piece of 
ratiocination. llere we have the manufacturer cutting down sala- 
ries, commissions, and advertising (in which case, certainly, the 
poor devils engaged in those pursuits do not see much pre spect | 
of profit-sharing), but continues to sell the same quantity of goods. 
Well, who would not reduce these items, under such circum- 
stances? One would only have to repeat this process for a year 
or two to make the goods sell themselves! The first factor in this 
hypothesis is, therefore, so far from probable that it will be hardly 
necessary to follow it further. But let us take his example. 

As I have said above, the first hypothetical case will no doubt. 
approximate quite closely to what is experienced every day, /.¢., 
that which Mr. Kent designates as the cost of selling, will equal 
the cost of production at the factory. Under such conditions, the 
total cost of the article manufactured, for the first year’s product, 
will be $2 each; and, if, by dint of superior efficiency in the work- 
men, he reduces the labor and shop expenses from 80 to 60 cents 
each, for the second year, everything else remaining the same, the 
total cost of each piece will be reduced 10 per cent.; and, if the 
so-called workman were to get all that his efforts have added, it 
would all be paid to him, under the arrangement, as additional 
profit, because he alone made the saving. Under such cireum- 
stances, suppose that during the first year the employer made a 
profit of 5 per cent., and that during the second prices had 
fallen, for reasons alike beyond the control of employer and 
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employee, 15 per cent., while all not included under the 


name of “workmen” had been as assiduous as they — a 
by no means unusual case. Would it be fair that the em- 
ployer and those on his side of the line should suffer a loss of 
5 per cent. this second year, while the workman should receive an 
addition of 10 per cent. of the total cost, equal to 33! per cent. 
advance in his wages? And if so, and this state of things should 
continue for several years, how long would it take to wreck an or- 
-dinary business? And, as, when prices go down in one business, 
they generally do in all, would there not be a plentiful crop of fail- 
ures, and an equally plentiful harvest of unemployed workmen, 
eager to work at the original figure, rather than not at all? And 
if the saving made by the workmen alone is to be divided among 
all, in some preconcerted ratio, does it not become merely ordinary 
profit-sharing, in which no one has as yet succeeded in formulat- 
‘ing a means of the workman's sharing in the losses, when they 
oceur? Or, if only the selling department is to be excluded from 
this arrangement, why should the employer be included, SO long as 
he contributes no more toward the superior results than the 
selling department ? jut one of the worst features in any 
such scheme is that every workman in a manufacturing es- 
‘tablishment would share pro rata with his wages in any 
profit coming from their superior total efficieney—which would 
be proper enough, if every man would consent to have his 


~ fixed wages rated just in proportion to his ability and indus- 


try, as determined by his employer or superior otlicer, or the 
results of his efforts. But we all know that it is not, and cannot 
be, in human nature, that any such equality of effort or ability as 
is involved, can exist in any considerable body of men. Ina ma- 


chine shop, for instance, where the general determination might 


to increase the product with a view of correspondingly increased 
income, the more competent and industrious would contribute 
much more largely to the general results than the naturally inef- 


ficientand idle: and every shop personnel is made up more or less 


of the various grades of men, both as to ability and energy. Such 
a scheme would be a leveling engine, contrary to the first princi- 
ples of equity ; and one of the first fruits would be quarrels among 
the workmen themselves, because some were not contributing their 
pro rata share to the increased product, where others were doing 
more than this. Any scheme whatever, touching this labor ques- 
tion, of a leveling nature, and which tends to reward the idle and 
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naturally inefficient man equally with his competent and industri- 
ous brother, must fail just as this very thing is to-day disintegrat- 
ing labor organizations throughout the country, which have for 
their object the equalizing or leveling of wages. 

Referring to loss-sharing, the following from a recent editorial 
in one of our New York dailies expresses it admirably : 

“Yet, before profit-sharing or co-operation can become an effec- 
tive agency for the solution of labor problems, this side of the 
question will have to be faced and dealt with practically. The 
truth is that it is not a simple question, but goes to the root of 
nearly all the difficulties which swarm about the relations between 
capital and labor. For it involves a just comprehension of the 


value, utility, and necessity of those personal qualities which dis- 


tinguish successful from unsuccessful men everywhere and under 
all conditions.” 

And again, referring to the responsibilities of workmen : 

“The second” [workman] “has no anxieties or requirements: 
outside the narrow range of his mechanical duties. His income is 
steady and safe. Ile is far less sensitive to the fluctuations of the 
markets than his employer. He, as a rule, is so little in touch with 
the industry by which he lives that when crises happen and it be-_ 
somes necessary to reduce wages, nine times out of ten he jumps to 
the conclusion that the reduction is the result of parsimony instead 
of necessity, and so he drifts into calamitous strikes. If working- 
men undertake to co-operate or to adopt profit-sharing, they must, 
to some extent, change places with their employers. They must. 
learn the absolute necessity for accepting the downs as well as the 
ups of business. They must be prepared to share the losses as well 
as the profits.” 

“Tn no other way can they develop the qualities which are re- 
quired for success, In no other way can they acquire habits of 
steady thrift, ceaseless industry, patient application, vigilant super- 
vision, prescience, and grasp of the situation—and all those habits 
are indispensable.” 

There is no royal road to wages or profitsany more than to learn- 
ing; and the true profit-sharing workman will inevitably be lhe 
who makes himself most valuable. He can always command a - 
share in the profits through higher comparative wages ; and if iu 
any establishment a given production were obtained in one year at 
a saving of 33} per cent. in labor and shop expenses over the pre- 
vious year, as in the example of Mr. Kent, due solely to superior 
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efliciency of the workmen, the main point that would be established 
would be that in the first year the workmen had failed of their 
-plainest duty. And herein lies the gist of the whole matter. The 
- problem of the so-called profit-sharing assumes, to start with, that 
the wage-earner does not participate in the profits; while, under a 
proper state of things, in every establishment in which the pro- 
-_prietors give recognition in wages to the workman’s individual effi- 
ciency (and they must do this, if they consult their own interests, 
just as they must in buying material or in transacting any other 
branch of the business), and the workman strives to and does make 
himself the most efficient possible, he will command the higher 
pay, just as the best qualities of material will bring the higher 
price ; and he will invariably receive his share of the profits in his 
wages, and ina more equitable way than by any scheme of profit- 
sharing that can be proposed. In my opinion, the manufacturer 
who experiments with profit-sharing—on Mr. Kent’s basis, partic- 
wlarly—will find himself on the station platform, wondering when 
the next train leaves. 


Edward Atkinson says that there is always 
plenty of room on the front seats in every profession, trade, art, or 
industry ; and I cheerfully join him in the following quotation : 
‘* Honor to him who, self-complete and brave, 
In scorn can carve his pathway to the grave ; 
And, caring not for what men think or say, 
Makes his own heart his world upon the way.” 
Mr. IT. R. Towne.—Mr. Kent closes his paper with an intimation 
that the method he outlines, which, in brief, is that the workman’s 
share in profits should be limited to the things which he can con- 
trol and should not take cognizance of things he cannot control, is 
a novel idea. I must dissent from that opinion for the reason that 
Many writers have for a long time past discussed this question. 
~ Moreover, I am impelled by the statement of Mr. Kent to say—what 
I had not intended to say until a later meeting—that on the first of 
January last 1 put into practical operation a system embodying 


precisely the feature alluded to, which system is now in force as 

affecting, perhaps, one or two hundred men, and which I hope to 
have in operation by the end of this year as affecting two or three 
time that number. 

The points which have been touched upon in discussion are 
most of them pertinent, and yet I think that some of the state- 
nents need modification. No one rule will apply to all kinds of 
manufacturing or production. 


g Take, for example, the business of 
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sugar-inaking, in which, if [am correctly informed, the labor item 
is a fraction of a cent per pound on the cost of the finished 
product, or from ten per cent to five per cent of the value of 
the finished result. Obviously the system of co-operation or profit- 
sharing which is possible in a business of that kind, where labor is 
a minute fraction of the whole cost, and where the skill with 
which the buying and selling are conducted is the major part or 
larger factor in determining the result, would not apply equally 
to a business of the kind usual in the average manufacturing 
establishment, where labor amounts to approximately one-half of 
the total cost, the other half being composed of material and 
expenses. 

Objection has been made that a system of profit-sharing inter- 
feres with the adoption of piece work. We all admit the theo- 
retical correctness of the latter system, under which every man is 
working for himself; that is the ideal condition in any industrial 
establishment. But it is entirely feasible, as I know by actual 
experience, to have the one system coexisting with the other; 
the men being employed and paid by the piece for the work pro- 
duced, but also having some further interest in the economy of 
their work. 


The objection is made that profit-sharing tends to the leveling 


of wages. Again I answer that experience denies the statement. 
It is just as possible, with a system of profit-sharing, to regulate 
the wages of each man by his value as a workman as it is to do 
it if you do not have the profit-sharing system in force also. I 
believe, however, that at the present time, if not permanently, a 
system of profit-sharing based on the labor cost of goods must 
be coupled with a periodic revision of the basis rate which affords 
the means of comparison between the original cost of the goods 
and the reduced cost accomplished by the increased efficiency of 
labor; that you cannot, in most businesses at least, adopt an 
original basis of comparison and adhere to that permanently, but 
that in the course of time, say every five or ten years, or some 
other interval of time, that basis must be revised and readjusted 
to the changed condition of things. 

The point is made that no profit-sharing is equitable unless it 
includes loss-sharing. Broadly stated, I think that perhaps 
this is true; but there are modifications in profit-sharing which 
eliminate this difficulty. The one which I have ventured upon 
in a somewhat large way, after much study and consideration, 
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may be more correctly designated as savings sharing than as 
profit-sharing. It is based upon ascertaining the present cost of 
a given product in labor, or in the things that labor can con- 
trol, and then agreeing to divide any reduction that may be 
effected in the labor item below that cost with the producers ; 
not giving them all of it by any means, possibly only one-half, 
but giving them some fraction Which is equitable under all the 
-cireumstances, and making an arrangement whereby these con- 
ditions will last for such a length of time as will give the pro- 
ducers an inducement to exert themselves to reduce the cost of 
production by earnest effort on their part, 

As I stated at the outset, I am not ready, at present, to submit 
in detail the plan I alluded to, but I hope to do so at a later meet- 
ing, after it has been longer in operation, and when I am assured 
that it is a suecess, uring the four months it has been in opera- 
tion, however, T may say that it has operated very satisfactorily in 
reducing the cost of goods. Although pitched, as to piece rates, 
upon a basis just as low as previous records indicated it should 
be, the workmen continue to receive precisely the same day wages 
or piece rates as previously. The results indicate that giving the 
workmen the stipulated fractional part of the savings effected will 
yield them, at the end of the year, an increase of from 5 to 8 per 
cent. on their wages, a bonus which is a handsome inducement to 

any workman who has industry and desire to get on in the world 
to exert himself. 

Mr. W. H. Doane.—\I would ask whether that increase was in 
the inereased quantity of production or in the saving of the manu- 
facturer? 

Mr. Towne.—The gain results almost entirely from increased 
efficiency of production. But the basis is such that the men are 
interested also in the economy of the materials which are con- 
sumed in the shops. I do not mean by that the raw material 
which enters into the product, but all other material, such as oil 
and waste, files and eutters—all incidental materials necessary for 
the operation of the shop. And there, by the by, is one of the 
points of difference between a system of profit or savings-sharing 
like this, and a system of piece work. In piece work, the work- - 
man is interested in making his own efficiency as high as possible, a 
but has no interest whatever in the economy with which he uses 
the plant. On the contrary, his interests and those of the manu- 
facturer are opposed to one another. If a workman, by the waste- 
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ful use of tools, can increase his product and wages, he naturally — 
does it. There is obviously a point where the loss from this waste- 
fulness will more than offset the increased product. Piece work, 
pure and simple, has, therefore, this element of antagonism be- 
tween workman and employer. If you superadd to piece work, 
however, the inducement of profit-sharing, or, to call it by its bet- 
ter name, “ savings-sharing,” the*workman ceases to have this in- 
centive to be wasteful in his use of shop appliances, and becomes 
at once identified with his employer in seeking to promote efti- 
ciency of production and economy of production in all diree- 
tions. 

I have already exceeded my time, I am afraid, but I wish, with 
the consent of the meeting, to make one further comment, and it 
is this: It is argued in all discussions of this kind, that profit-shar- 
ing should always include loss-sharing. I do not think that this 
is a correct view. The difference in the conditions of the classes 
of men must be taken into account. The employer, as a rule, has 
reserve capital. He can stand loss for awhile, and still not suffer 
in his domestic conditions; whereas the workman generally has 
but little, if any, reserve of that kind. Loss to him, therefore, means 
immediate suffering for himself and family. A prudent house- 
holder or head of a family should not incur risk of that kind if he 
can avoid it, and rightly ; therefore, with reference to their pres- 
ent responsibility, and to those who are dependent upon them, the 
workmen should decline, or, at least, be very cautious about enter- 
ing into relations which involve a possible sharing of losses on 
their part. Employers, on the other hand, having some reserve to 


fall back upon, can consistently take risks which may result in loss, 
but which they hope will result in profit. 
I think, therefore, that, as society exists at the present day, bet- 


ter relations of labor and capital must be sought by systems of co- 
operation or profit-sharing, tending to identify the two interests, 
under which the employer gives a guarantee of fair wages to the 
workman, and also arranges that he may have, beyond that, a rea- 
sonable and equitable interest in the economy and increased efti- 
ciency with which he does his work, some portion of the gain re- 
sulting from that increased efficiency coming back to the employer 
as his fair return tor the time, trouble, and cost which he has given 
to establishing conditions under which labor may gain for itself 
.this enlarged privilege and reward. 
Mr. Allan Stirling.—I did not intend to make any remarks on 
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this paper, but it appears to me fitting to call attention to Mr. 
Towne’s expressions of his kindly feeling to his workmen. I be- 
lieve that when employers have those kindly feelings to their work- 
men it makes very little difference whether the system adopted is 
the co-operative or the profit-sharing system, or whether it be 


high wages. I have oceasion to come in contact with a company 


who have little oceasion to consider this question at all. They 
never had any trouble with their workmen. They all live right 
among their men. They are well known to their people. They 
have kindly feelings toward their workmen, and, as I say, a strike 
is unknown to them; they do not know what it is, and I think that, 
given the kindly sentiments such as Mr. Towne has expressed, in 
the hearts'and minds of the employers towards those whom they 
employ, the method of arranging any difficulties that may arise is 
quite immaterial. They can be arranged in some satisfactory 
way. 

Mr. W. H. Doane.—I am much pleased with the remarks of Mr. 
Towne, and shall be greatly interested to learn the result of the 
profit-sharing co-operative experiment he is making. Iam aware 
that somewhat similar efforts have been made by others in differ- 
ent parts of the country, but, as far as I am advised, they have not 
been successful. I have not much confidence in any co-operative 
plan. 

I believe in paying workmen all they are really worth, even if it be 
very large wages. The problem in my mind seems to have resolved 
itself into something like this: If small wages are paid and a share 
in the profits divided with the workmen, based on what they are 
worth, in lieu of what their services should command, or even more 
than they could command, it acts as a stimulus to greater efforts, 

and they will feel that the value of their labor is appreciated, and 
manifest a deeper interest in their work, insuring, I think, closer 
_ application, which alone, of itself, will secure increased produc- 
tion. 

One of the great questions of the hour with manufacturers is, 
how shall they increase the product of their works without en- 
larging their plant or pay-roll, and any system which will bring 
the employer and employee into closer relation with each other, 
itseems to me, will tend to seeure this result, whether by piece 
work, co-operation, or both. 

My past experience, somehow, has not led me to feel much con- 
- fidence in co-operative plans, and,as far as my observation has 
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gone, they have not proven a success. One reason may be the — 
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general impression among workmen that one is as good and can 
do as much work in a given time as another. Select a hundred 
mechanics out of any shop, and you will find the degree of intel- 
ligence and mechanical ability among them will vary greatly, 
and yet none of them will concede that he is worth less, or can 
do less than any other. To question this generates trouble at 
once, and yet we all know it to be true. 

For example, suppose we select two establishments, each re-- 
garded as good shops; that one having the best tool equipment, 
and is the best organized and managed, will turn out its work for 
less than the other possibly can. Now, taking the cost of produc- 
tion in this shop as the standard,and using a co-operative plan, 
something after Mr. Towne’s suggestion, the contrast in the redue- 
tion of the cost in manufacturing as against the shop not so well 
organized and with poorer equipments,even with equally good 
workmen, would quickly be apparent. Therefore, it seems to me, 
this question of profit-sharing is likely to prove a hard matter to 
define. 

I am a believer in paying all a man is worth, and, by so doing, 
secure his very best efforts. I feel quite confident that an exam- 
ination of the fact will disclose that the best and most successful 
shops are those that employ the highest grades of intelligent and 
skilled labor. Such workmen are diligent, faithful, devoted, and 
the establishment in whose employ they labor generally does a 
profitable business. I am profoundly interested in Mr. Towne’s 
new plan of profit-sharing, and sincerely trust it may be so success- 
ful that he will kindly unfold it to us at our next meeting. 

Mr. Jno. T. Hawkins. IT cannot agree with Mr. Towne, that, 
in case of disaster to a manufacturer, the workman loses his all, 
while the manufacturer’ has something on which to fall back. I 
take it that the reverse of that is rather true than otherwise, be- 
cause the capital the laborer puts into his business is simply his 
ability to work, while the manufacturer has a large money value 
at stake besides, which he has to manage and provide for ; and it 
is liable to be lost. Now, I think there is one way by which 
profit-sharing or co-operation might be made successful, provided 
the workmen themselves would agree to it ; that is to say, a joint 
stock company, in which a workman desiring to become a profit- 
sharer might be a stockholder. Throughout the United States 
there are a great many millions of dollars in savings banks, to 
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the credit of working or laboring men. It is particularly the ease 
in the New England States, where the men are more generally 
thrifty than in more southern localities. They have a consider- 
able amount of money saved and laid up. Suppose, for example, 


one man has a thousand dollars invested at 4 per cent. in a sav- 
ings bank; you could go to him, and say: Well, if you want to 
share in our profits, we will sell you as many shares of our stock, 
at their value as shown by our books, as your $1,000 will buy ; if 
at the end of the year we have not earned anything, we will as- 
sess you in proportion to the loss—if there is no surplus; or 
you may make a little, or lose it all in time. Now, I will venture 
to say that there is not one out of twenty that would take those 
chances. As a matter of ethics, it is as near right for a workman 
to take the money chances with the proprietor, in proportion to 
his investment, as for the proprietor to take them ; and, if the 
workman insists upon the employer taking the biggest or all the 
risk of loss, he must expect that, when times are flush, the latter 
will—and it is right that he should-—fortify himself against the 
risks of losses which obtain when the balance comes upon the 
wrong side of the ledger. 

_ [Norr.—The remaining discussion bore more closely upon the Topical Query, 
No. 259—49 : 

“ What system of regulating the wages of labor in our manufacturing estab- 
lishments will tend to make that labor most efficient and produce the largest re- 
turns both to employer and employee. Give especially data from actual experience 
with effects of piece-work, premiums, participation in profits, graduation of wages 
with terms of service, ete., ete. 

It ix printed here from its close relation to what has preceded.\ 

Mr. C. FE. Emery —t appears to me this diseussion has not 

reached the root of the present labor difficulties. We should 
endeavor to induce the workmen to organize on different prin- 


ciples, so that methods used by business men in conducting their 
business may be employed in dealing with labor. A manu- 
_faeturer wishes to know for a reasonable time in advance at 


what rate he ean procure his labor as well as his materials, in 
order that he may make contracts and send out a definite pro- 
duet in a definite time. Therefore, if organizations must be had— 
and I think it is the intention of the labor organizations to organ- 
ize all labor as fast as they can—it is the business duty of all busi- 
ness men to try and get their labor on a business basis. With 
the present organizations the interests of the employer and eim- 
ployed are antagonistic ; and no matter if the former strive to put 
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themselves on good terms with the latter, as suggested by Mr: 
Stirling, the labor orgavizers and walking delegates immediately 
introduce discordant elements, all reason disappears, and the 
selfish side of human nature is put in play. On the present 
system each working man feels that he must stand by his fellows, 
right or wrong. If one employer underpays or misuses employees 
a strike is ordered in all similar establishments, and the kindness 
which others have lavished. upon employees is all lost, and the 
good must suffer with the evil. Strong parties may win by show 
of foree, but the system of the present labor organizations is to 
push the weaker parties to-the wall and squeeze all they can out 
of them. In these contests the workmen suffer with the employers, 
and the solution seems to be for the latter to capture the leading 
men of the organizations and try and show them their true in- 
terests so that they may all be respected as much as the Associa- 
tion of Locomotive Engineers is now. The present system will 
degrade them by forcing employers to pay all at the same rate, 
thus suppressing all honest emulation to improve one’s self and 
causing all to relapse a step towards barbarism. The difficulties 
are greatest in large cities. Many establishments bave been 
forced to move into the country in self-protection, while others, 
not having experienced the difficulties in the country, are prepar- 
ing to move in the city to gain some business advantages by hav- 
ing their shops nearer their business offices. It is not believed 
that the co-operation system will solve the problem permanently. 
It will aid in particular cases and under particular circumstances. 
But where the present movement has once got a firm foothold, 
success can only be secured by inducing the labor leaders to co- 
is sea with employers so that the latter can make their calculation 
~ ina business way. If the organization can be induced to make the 
object of their societies to secure permanent employment rather 
- than intermittent work at high wages, and command sufficient re- 
‘spect with the mass of employees to enable them to give up their 
views of perfect equality, the labor question will be solved whether 


the men be paid regular wages, as is customary, or by the piece, 


either with or without co-operation. I really see very little 
difference between the piece system and the co-operative system 
as Mr. Towne has developed it, although lhe has not told his whole 
plan. The piece system makes it for the interest of a man to do 
more work than his fellows in order to obtain more pay, so that 
if good prices are offered by the employers it practically amounts 
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to co-operation. The success of this plan on the Pennsylvania 
Railroad apparently contirms this view. 


Mr. O. C. Woolson.—I want to extend to Mr. Emery my thanks 
for saying what I have had in my thoughts to express. I came 
from Newark with this particular paper in my mind because of all 
.the subjects before the meeting I think this is one of the most 
important. The one great trouble I find—and I presume it is 
found by the majority of the members, with this co-operative or 
_ profit-sharing scheme, is that we have got all kinds of people to 
deal with. Now, if I am going to organize a company, if | am 
going to get around me a board of directors, I want a board of 
directors such as I can harmoniously associate with. IT want men 
who are in sympathy with me in my enterprise all the way 
through. Ido not want to have them only partially interested 
and with an idea that there is some other man—in this case we 
will call him a walking delegate—who claims by by-laws and oaths 

his sympathies and prejudices, who can come around at certain 
periods and influence the men in the slightest degree. Now, that 
is the case. You may organize a most perfect co-operative 
system. You can pick out all the best points that have ever been 
devised and put them togethe r, and I do not believe the time has 
come yet nor the scheme has been devised yet when you can put 
a sufficient number of those points together and have them prac- 
tical. I am a workingman myself, and I have a great deal of 
sympathy with those men who have to get up early in the morn- 
ing and work until late at night, and at best only earn enough for 
avery plain living; but there is one thing you must consider: 
wages are established in different branches of business all over 
the country. They all have a level somewhere ; it is pretty well 
understood just what that level is. Now, if my company is so 
generous as to say, here, we will pay these regular wages that are 
acknowledged to be the proper wages everywhere, and at the end 
of the year we will give you men a certain percentage of our 
profits, if there should be any, and you all shall be profit-sharers. 
but not loss-sustainers. Now, there is a point—we must not 
assume to pay a percentage to a certain class of our men, but we 
must take in everybody. The consequence is we get men who 
are scarcely worth a dollar a day and we are getting meu who are 
worth ten dollars a day. We will assume that the men getting 
ten dollars get it because they are worth it, and we can reason 
with them concerning percentages and loss and profits, so that it 
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will be mutually satisfactory, although there are exceptions to 
this rule; but you come to a man who is getting his dollar a day 
and you can’t reason with him, as a rule, about percentages and 
profits ; take such men, as a body, understand me, when the time 
comes to pay that certain percentage I undertake to say that 
seventy five per cent. will not be satisfied, and if by good luck 
they should be the first year, long before the next dividend day 
comes round, the chances are the labor organization to which he 
belongs will take action and inform you that your methods are 
demoralizing the men in other factories, and you find yourself in 
hot water. 

I will further venture one remark which, in my opinion, is a 
practical one, and that is, where you have a man that is valuable 
and whom you appreciate, give him an opportunity to understand 
and believe that you do appreciate him, and if you want to ex- 
press it in dollars and cents there is not one of us who would not 
know just exactly how to do it if we have the will. 

Mr. Olin Scott—You may have the will to do that, but you may 
not have the money. I have been thinking, while listening to the 
discussion, that this body here is a representative body, perhaps 
such as cannot be found in the United States or any other coun- 
try. I know agreat many of the men here who have grown up 
from poor boys: they have worked their way up; if they have an) 
-money they have earned it. They are a class of men, who, if or- 
ganized as these laboring men organize, and should go on a strike, 
might make a great deal of trouble. There does not seem to be 
any disposition to do anything of the kind, and I don’t know that 
anyone but myself has ever thought of it. Now, I know that the 
meeting of this body is going to be looked upon, throughout the 
whole length and breadth of the land, as a body that represents the 
labor question, because they are laboring men; they have worked 
from the lowest wages up to the highest. Their places cannot be 
filled by men who can be picked up in the country for a long time, 
and they have a right to speak and be heard. Now these questions 
that come up here before this meeting are becoming so numerous 
that it seems to me they ought to be formulated in some way ; that 
an expression like that of the House of Representatives, or some- 
thing of the kind, should be adopted, by which a man could record 
his vote without scrutiny, if desired, and let it be known that what 


is voted is the expression of this organization on this question. 
Now, this labor question is before this meeting to-day, and takes 


| 
| 


4 7 7 A PROBLEM IN PROFIT-SHARING. 653 


precedence of all others. We have heard the expression of one 
gentlemen here, who has, in a kindly, good-natured way, consented 
to make an experiment with his operatives and see how it works. 
That has been done a great many times before. He shows his 
good-nature by doing that. Perhaps his good-will toward the 
workingman is not greater than that of others here, but when he 
says the workingman should not take the risks of the eapitalist, 
where is he going to put the men who have just a little capital, 
ind who start in manufacturing ? 
Three or four men go in together; they borrow their grand- 
mother’s money and their sister’s money, and they get a little 
money to start, and employ a dozen more workmen ; is it fair 
to say to those workmen: You go and do the best you can, and 
if there is any money made you shall have so much extra, no 
matter if it does take grandmother’s money and sister's money. 
‘Now, there are thousands of shops in this country in this condi- 
tion. A man will work industriously and save his money, and just 
as soon as another man hears the chink of it he wants to get it; 
and that is so with these labor organizations. I have been a work- 
ingman and I worked for the smallest wages, and I always saved 
‘money. Now, you might just as well take this bull by the horns, 
and say What you mean. I do not care if the whole afternoon is 
_ devoted to this question ; if anyone has anything to say, I would 
like to hear it. I feel as though I would like to see this thing fought 
out on a square basis. 
Mr. George L. Fowler.—For a long time there has been an un- 
-dereurrent in the minds of some ear builders and master mechan- 
ies that tended toward the advocacy of the contract system of re- 
pairing cars and locomotives, but, from the faint-hearted, or rather 
let me say from the timid way in which the case has been presented, 
it is evident that these gentlemen, though firm in their convictions 
that the contract is the correct system of doing the work, have 
had no data, taken from actual practice, to support the claims 
which they have made for their hobby. They say that it is all 
right, that it can be made to work, and that if time were taken, 
the plan could be fully elaborated. Then their opponents come 
down upon them like an avalanche ; they show the tremendous 
- amount of detail necessary ; they picture the expense of the army 
of clerks, foremen, and inspectors that will be required, and the 
impossibility of getting the system established on a firm and satis- 
factory basis; marching out of the discussion with flying colors. 
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Meanwhile the Pennsylvania Railroad has been building up a 
system that answers every requirement that the most bitter oppo- 
nent could demand. They have put into actual practice a system 
which, for the simplicity of its detail, the minuteness of its specifi- 
cations, the effectiveness of its action, and the general satisfaction 
that it gives to all of the parties concerned, exceeds the bounds of 
what would once have been considered possible, and demonstrates, 
in the clearest manner, its perfect practicability and desirability. 

To perfect and develop such a system two things are required : 
honesty and a strict attention to the cost under the system of daily 
wages. The last must receive the first attention. For years the 
rate of wages must be studied, and a system of time-keeping es- 
tablished which is minute in its detail. The men must be required 
to give in, each day, the time occupied in every move that they 
make. Nota bolt should be driven nor a nut tightened that does 
not receive the due charge of time that belongs to it. The 
bookkeepers must separate each item, and classify and re-classify 
until some order seems to appear out of the chaos of data that 
flows in upon the office. Waste of time must be watched and the 
actual time expended in doing the work determined. Tam speak- 
ing, it will be understood, more particularly of the repairs of rail- 
road work or of a general job shop than of those places where there 
is a special line of manufacture ; in these cases the scheduling of 
the prices for piece work will be comparatively easy. 

This careful watching was carried into every detail by the 
Pennsylvania Railroad. They learned not only how long it took 
to make the rocker arm of an engine as a whole, but the expense 
for each and every step was noted; the time required to forge, | 
to center, to lay off, to turn, to mill the edges, to chip or mill the 
bosses, to bore the pin holes, to ream them out, to bore the bush-- 


ing, to fit and to case-harden the same, to put it in position and 
to connect the rods and links. Car details were kept with an 
equal strictness. The sills were watched with careful scrutiny. 
A memorandum was taken of the time required by the men to. 
carry the stick from the lumber pile to the planer, also that oc- 
cupied in facing and dressing, laying out, cutting the tenons, 
boring the holes, and putting in position. 


Are you frightened by these few examples that are given? 
Well, the same detail and attention must be given not only to 
the sills and rockers, but to posts, carlines, plates, sheathing, rods, 
transoms, trucks, to guides, connections, links, eccentrics, cylin- 
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ders and pins, to every bolt and screw in all of the complication 

of acar or engine. When all this had been done, there was a 
mass of matter which had to be sifted, sorted, and arranged until 

the whole was in that perfect order that was demanded before it 
could be put into use. 

The time required to turn the crank pins on a switcher and a 
mogul were compared, and, if possible, were classified as one. 
This is but a single instance, but comparisons of like and like 
had to be made on every hand and the whole reduced to the 
smallest compass. 

The ear repairs were undertaken first, for they did not present 
2 many pieces to be counted and estimated as the locomotive. 
‘The construction of the freight cars, though varying greatly, 
was still found to be similar enough to be classified together. 
When all this had been done, the honest purpose of the master 
had to appear. Under the old system the men have been paid 
for the time which they spend about the shops and yards as well 
as for the work performed. Two inducements must exist before 
the change can be made. The men sliould receive more pay for 
the time they spend; the company should receive more work for 
the money it expends. If these two results are accomplished, it 
goes without saying that both parties will be content. But the 
grasping of the corporation must be restrained, and its manage- 
ment should not look to the wages paid to its men as individ- 
uals, and think that it costs them twenty-five per cent. more per 
man, be he laborer or foreman, than it does a competitor. But 
it should look at the total cost and see that it is paying from 


fifteen to twenty per cent. less for certain work than the neigh- 
bor, whose men are earning less per capita. 


This requires a strong and sterling honesty. The temptation 

to cut and grind must be resisted with a “get thee behind me, 
Satan,” and the men be made to feel that they have their own 
fortunes in their hands, and that the disposition to make them 
slaves does not exist. 

Cutting can be done, and must be done to make the system 
pay, but not so as to prevent the men earning increased wages. 
This must be governed by circumstances and the knowledge that 
the master has of the detail work be brought to play. 

When the rates are once made they must be enforced. The 
men can work in gangs, and schedule rates be given to the whole. 
Sometimes a gang will be composed of laborers, apprentices, and 
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“machinists. In the system under consideration, the apprentices 
get a fixed sum per day, according to the year of his appren- 
; ticeship; and when he works in a gang the latter must pay his 
wages, while all that he earns at schedule rates goes to the 
gang. The receipts of each member of the gang are proportioned 
at a certain rate of daily wages. For instance, if a gang is com- 
posed of four laborers, a second-year apprentice and two ma- 
chinists, the laborer will be rated at $1.25 per day, the appren- 
tice at ninety cents, and the machinist at $2.40, The wages for 
the gang, discarding apprentices, will be $9.80, of which 35 is for 


the laborers. A division will give 5L per cent. for labor and 49 
per cent. for the machinist. Then at the end of the month, if 
the schedule dues are $540, the apprentice gets ninety cents per 


day for say twenty-five days, or $22.50, leaving $317.50 for the 
rest. Then 51 per cent. of this, or $161.92, belongs to the 
laborers, or $40.48 each, netting them nearly $1.62 per day. The 
machinists receive $77.79, or over $3.11 per day. These are 
not exceptional wages. 

This calculation is complicated to a slight extent by absence or 
tardiness in gang work, but very little, as each man is paid pro 
rata for the time that he works. 

The method employed is to work in gangs to a certain extent. 
Piece work is now universal on the road in question. The men 
write on a common slip of paper every night what they have 
done ; this is O.K’'d by the foreman and handed to the timekeeper. 
The schedule rate for each item is credited to the proper man, 
and the work is done. In shops employing from four to five 
hundred men, three timekeepers do all the work required. 

I have given some of the details for the machine and ear- 
penter work. Those for labor are fully as complete. It is neces- 
sary to have a system for handling material, and to have a place 
for everything and to keep everything in its place. So, in the 
ease of a railroad shop, we have a storage track for drivers, 
another for front truck wheels, another for tender wheels and 
axles, and the same for cars. A gang is given a certain price 
for taking a pair of drivers from the storage track to the lathe, 
the erecting floor, or vice versa. The price is fixed for handling 
axles, castings, boiler plates and cinders, for jacking up an engine 
or a car, for taking out a pair of wheels, and for every step 
that a man may take about his work. 

Inspectors are employed to supervise and pass upon the work. 
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These men are paid a stated sum per month. The foremen 
are also paid by the month. Gang foremen are, however, paid 
by the amount of work that the gang performs, and at stated 
times. For instance, the foreman of the erecting gang receives 
a fixed amount for taking an engine into the shop, jacking it up, 
- stripping it, erecting, taking to the paint shop and getting it out 
~ upon the road. One quarter is due when the engine is stripped, 
- another when it is set up, the third when it is run into the paint 
shop, and the last when it is ready for the road. The men, 
- meantime, are paid for the work they perform; this keeps the 
foreman from neglecting the work that he hasin hand. If he were 
paid only when the work is done he would be apt to rush one 
— engine through to the neglect of all others; but as he gets his 
pay on the instalment plan, he can afford to carry on several at a 
: time. When the engine is set up he gets one-half the schedule, 
but to prevent neglect the remainder is held back until he puts 
the locomotive in the painters’ hands. However, if the paint 
shop is full he gets his pay before, as the company do not hold 
him responsible for their own lack of space. The car work is 
done on the same principle and the work scheduled in the same 
way. 


The effect of the system is an interesting social study. Men 
~ work for themselves, and their pay is due to skill alone. The in- 


justice of an arbitrary rating is done away, and the poorer class 
~ must fall below their fellows. At first the system was met with 
— tooth-and-nail opposition, and the schedule was denounced as 
- corporation steal. <A strike took place, but one by one the men 
-eame back and were surprised to find their pay increased from 25 
to 30 per cent. After this they discovered ways and means to 
hasten work; they keep a double set of tools on hand so that the 
lathes are always at work ; they do not take an aimless walk, and 
_ stand and talk ; they carry what they want to their lathes, and do 
not wait for a laborer to do their errands. Besides this, they help 
each other, and do not waste their time. If there is work to do, 
they spring to with a will. You see no difference, whether the 
master is at hand or not, and if he speaks to any man, the latter 
- seems to be in a hurry to get away to work. 

I called attention to the industry of the laborers in the remarks 
that I made on this same subject at the meeting of the association 
in New York last fall. 

The opposition that was met at first has entirely disappeared, 
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and now the opposite obtains. Once in a while a piece of work 
comes up for which there is no schedule rate. The man to whom 
it is assigned will immediately ask for piece work. The foreman 
can then make a bargain for the job. 

The flexibility of the schedule rates is shown in other ways. 
There are, for instance, certain lathes equipped for axle work and 
the schedule is made to fit them. If, however, a press of work 
comes in, and other lathes, less suited to the purpose, are called 
into action, the men who run the inferior tools are allowed a higher 
rate per piece. Then, too, if a man runs two lathes, his rate per 
piece is cut away,and he gets only a two-thirds rate, although this 
gives an increase in the rate per day in every case. 

The effect on wages has been to send them up, and it is rare 
to find a man that does not earn more than when the daily pay 
was given. This increase varies with the man and the work that 
he has to do, from 25 to 30 per cent. 

On the other hand, the effect on cost is to cut away. In the 
ease in hand it has been shown to be more than 20 per cent. saved 
in the work done, as compared with the cost under the old system 
of daily pay. 

This is an outline of the plan. The details are innumerable to 
start with, but when once established and the system put in oper- 
ation, this detail seems to “ vanish like the breath into the wind,” 
and the works to run themselves. There can be no pros and cons 
where demonstration such as I have shown lies ready to the hand. 
The advantages are overwhelming and cover the only vital points 
at issue. The men want increased pay and get it; the company 
wants decreased cost and that is given them; and then, to clinch 
the matter and bind it fast, neither party would in any way con- 
sent to give it up. Its practicability is fully demonstrated by ex- 
perience and practice. Injustice in rating is done away with; the 
better class of men will be allowed to rise and make the pay that 
they deserve ; the leveling process which seems to be the aim of 
strikes will disappear; the poorer men will have to give way to 
those that are better, and, distressing as it may be to the kind- 
hearted philanthropist or social reformer, the great law of the sur- 
vival of the fittest will be fully exemplified. 


And now but one word more: This system cannot be estab- 
lished in a day, but time and care will furnish every requisite ; and 
then, when once the work is done, one-half of the problems of the 
labor question will be solved, the work of keeping shop accounts 
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be greatly simplified, and satisfaction take the place of discontent 
on every hand. But remember, when the scheme is once assumed, 
be honest with your men and do not try and squeeze the sponge 
dry. 

Mr. Daniel Ashworth.—I do not believe that the great souree 
of failures on the part of piece work and profit-sharing emanates 
from the employer. We can find many eases in the history of 
this question where it has been directly the opposite, and the last 
-words of that communication touched that very point. If we en- 
ter into a contract of this kind with our operatives with that sin- 
-cerity and that good feeling, which has been referred to by Mr. 
‘Stirling, T believe that it will be successful. But when this is 
put in operation and when the result is not favorable, in nine cases 
out of ten there has been a disposition to rearrange the pro- 
gramme. It is like the story of the distribution of prize money in 
the Navy—it was sifted through a ladder; that which remained 
on the rungs was for the men; that which fell through was for the 
officers. 


Again T have known of many establishments that have entered 
> this field with a view of each having a financial interest in it. 


That has been eminently successful in many sections of the coun- 
try. In western Pennsylvania that system is flourishing ; but 
there have been cases where it has failed almost on the same basis 
by the process of reconstruction. I believe that Mr. Towne will 
ssueceed in his plan. I say that profit-sharing is the quintessence 
of justice and is bound to sueceed, depending entirely upon the 
“spirit of those controlling it. 
Mr. Chas. k. Emery.—It may be of interest to the members of 
* society to know the method adopted, after the strike of the 
New York Steam Company, in March, 1836, to make it to the in- 
terest of the men to remain faithful to their trusts and resist the 
~blandishments of the labor organizers and walking delegates. 
From the language used by many here, I do not think they have 
been through a well-organized strike. When you find men who have 
not only been well treated, but are willing to acknowledge it and 
‘say that it is not a question of wages, and yet yield to the bland- 
ishments of the labor organizers and strike simply and only to 
force employers to become what they call “union shops,” and em- 
ploy only union labor, and perhaps insist that old, well-tried fore- 
men and employees should be dismissed because they have hin- 
dered them in their plans for freely organizing the men, then, in- 
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deed, it is necessary to stand out and say to the men that you will 
have none of it. Such a combination must be completely beaten 
in order that the parties attacked may ever have immunity from 
similar difficulties. An attack as unreasonable and wicked as this 
was made on the New York Steam Company. Nine-tenthis of its 
employees at its boiler station left their work without notice, and 
$8,000 horse-power of boilers in full blast, under 80 pounds steam 
pressure, were left to the attention of only two men who remained 
faithful to their trust. Fortunately there were available young 
educated engineers, bockkeepers, and loyal men in other depart- 
ments, who hastily assembled and kept up the steam pressure until 
other labor was brought in to release them, and, after the usual 
month’s siege, feeding and bunking men in the establish- 
ment, and earrying on necessary operations on the street, gub- 
ject to intimidation and violence, the strikers were dispersed and 
not one of them has since been re-employed. In order to make 
it for the interest of new men to remain, each one was required to 
deposit 350, which was to be forfeited in case a sufficient number 
of men went out together to show any signs of a conspiracy, though 
of course, any man could leave at any time and draw out his money 
by mutual consent. Each man entered into a regular contract, in 
which it was agreed that the interest of the money should be used 
us a nucleus of a benevolent fund for sick and injared employees. 
The amount deposited acted as a check in two ways; first, a man 
did not wish to lose his money; and second, he could use this as an 
argument to bluff the labor organizers. In case of sickness in the 
family of one of the trusted employees, it has been the habit to 
permit him to withdraw his deposit, and to restore it again by in- 


stalments from his weekly wages. In fact, the fund was mostly ac- 


crued on the instalment plan in this way. The men look upon their 
deposit as a sort of savings bank, they are more willing to learn 
our ways, and try to secure economy of fuel, and the plan works in 
every respect satisfactorily. 

My previous remarks on this subject are apparently in antago- 
nism to the greater part of what has been said here; but 
as one who has been through a difficulty without a particle 
of reason in it, I have felt it my duty to say what I have, 
that all may be prepared for what, under present conditions, 
is sure to come to many here present. Something without 
foundation will be brought up, no matter how much good feel- 
ing is established, which will cause the men to injure the interests 
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of their best friends to avoid what is called “ antagonizing the in- 
terests of labor.” Notwithstanding checks in various localities, 
the labor difficulty is like an epidemic spreading through the coun- 
try. If what Mr. Towne has intimated, or any such remedy, will 
prevent the spread of this epidemic, we say God-speed. At the 
same time we say that if you are attacked without reason by mis- 
guided men, under the direction of labor organizers or walking 
delegates, many of them of bad character, and all of them work- 
ing on bad principles, it will be necessary, for your own existence, 

o resist, and until the power of such men is broken your business 
can not go on, and there will be no rational way by which you can 
deal with your employees. 

Mr. Allan Stirling.—My. Emery’s last remark has stirred the 
blood in my veins a little, and I rise again. The remarks that | 
made were the result of much experience and observation on this 
subject. I have been through one of the worst strikes in the coun- 
try. I was in charge of the engineering department of one of the 
large works of the country, when they started, after a six months’ 
strike. ‘They were started by bringing a large number of Pinker- 
ton detectives and posting them around the works. Operatives 
from distant points were brought by rail directly inside the works. 
The machine shops were given up for bunks for the operatives, my 
office was used as a bedroom. If a workman strayed outside of 
the line of soldiers he was pretty sure tobe shot. I went through 
wl of that for atime. Finally the matter was arranged. I have 
had a good deal to do with companies, and with some that have 
treated their men fairly and generously and in a kindly spirit, so 
that the men knew that their employers were feeling kindly to 
them, and I would simply repeat what I said before, that after a 
great deal of observation with strikes and without strikes, I am 
perfectly satisfied that if employers will have this kindly feelin 
to their men and show it by their actions, and, as has been 
stated, not squeeze the sponge too dry, there will be very little 
trouble. 


Mr. Thomas J. Bord: n.— The points in discussion have been 
applicable chiefly to cases where only single establishments were 
located, and the relations between employer and employees were 
not affected by complications with others in similar business near 


by them. It is a matter of common observation that all large 
lines of manufacturing and mechanical business tend to concen- 
trate in certain localities. 


a 


A PROBLEM IN PROFIT-SHARING. 


- When a leading center is established in any line of business the 


wage question for that particular industry for the whole country, 


or that particular section of the country, is settled chiefly at such 
center. The isolated establishments are obliged to be governed 
largely by the customs and rates of wages established at such lead- 
ing centers. 

At these centers the most liberal and humane course pursued 
by any one employer will not relieve him from the effects of labor 
controversies arising in other establishments. 

The very general organization of labor in all leading industrial 
centers naturally results in the demands made by employees being 
frequently inaugurated and generally controlled by the labor or- 
ganizations of that locality, and their edicts are enforced in all 
establishments alike. 

Hence the labor question is fast becoming one of mueh breadth 
and requiring the general coneurrence of considerable numbers on 
either side of the question in well-defined general policies, which 
will commend themselves to the approval of the mass of the more 
intelligent classes of both employers and employees. 


CCLVII 
GASLIGHTING BY INCANDES( 


BY JAMES DREDGE, LONDON, ENGLAND, 


(Honorary Member of the Society). 


THERE are many reasons why progress in the general applica- 


tion of the electric light—especially as regards its domestic use 
—has been far less rapid in England than inthe United States, but 
only three of the various causes need be referred to here—specula- 
tive financiering, repressive legislation, and cheap gas. The chill- 
ing effect of the prolonged excitement, which commenced about 
1878, when the wildest dreams of inventors were converted into 
golden realities by company promoters and stock operators, to the 
ultimate disappointment and ruin of thousands of credulous in- 
vestors, will pass away ; legislation, which, with the best possible 
intentions, was devised, as if designedly, to place impediments in 
the way of enterprise, and so set up a barrier to the advancement 
of electric lighting from central stations, is now being modified, 
and may be regarded as a temporary difficulty. But the low price 
at which gas is distributed in England, varying from 30 cents per 
1,000 cubic feet to 75 cents, constitutes the most formidable antag- 
onist to the more modern and luxurious form of illumination ; the 
more so because, with improved and economical methods of pro- 
ducing currents suitable for lighting purposes, the price of gas can 
be still further reduced, so that, in England, it may be predicted 
that, so far as cost is concerned, it will always defy competition 
from the electric light for general house illumination. 

For several years past, however, the public has become famil- 
iar with higher standards of illumination than of old, and the pure, 
steady brilliance of the incandescent lamp has thrown the pulsat- 
ing gas flame somewhat in the shade. So, while it is recognized 
that the change to electric lighting is, except for the rich, for some 
years to come, at all events, an impossibility, there is a universal 
demand for a system of illumination which shall approximate in 
steadiness and brilliancy to the incandescent light, and which, at 
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the same time, can be adapted to domestic use, without revolu- 
tionizing existing fittings, involving skilled supervision, or entail- 
ing heavy first cost and expensive maintenance. 

The suecessful solution of this problem involves so many diffi- 
culties that it would, at first sight, appear to be almost hopeless. 
But though, in its present phase, it has only recently attracted the 
attention of inventors, there are already two systems before the 
publie which, if they fall short of all requirements, at least demon- 
strate the practicability of the principle, and render it probable 
that ineandescence illumination by means of gas will before long 
become a generally-used means of domestic and even of public 
lighting. 

Oxvyhydrogen Light.—Since 1826, when Drummond first flashed 
signals with the oxyhydrogen light, numerous schemes on the same 
lines have been proposed for obtaining high degrees of illumina- 
tion, but none of them have been suitable for anything but special 
and intermittent purposes. Apart from other practical objections, 
any system which involved the use of oxygen for general lighting 
purposes was bound to fail, partly on account of the cost of oxy- 
gen, but chiefly because a double system of mains and service pipes 
was required to carry the two gases to the burners. 

Since Tessié du Motay’s experiments in public lighting in London, 
Paris, and Brussels, about 1872, when a combined supply of oxygen 


and common gas was used, the former objection has been recently re- 


moved toa certain extent by a cheaper process for producing oxygen, 
the manufacturers claiming that they can supply it commercially for 
about $15 per 1000 feet. Experiments are in fact still in progress 
on the Metropolitan District Railway, with a view to utilizing the 
oxyhydrogen light for train illumination. A number of small diffi- 
culties, however, appear to combine to render the idea impracti- 
cable, such as failure of the incandescent medium, irregularity in 
the light produced, impossibility to maintain a constantly uniform 
mixture of the gases, and so forth. In this connection it may be 
mentioned that in May, 1868, Tessié du Motay obtained a patent 
in England for the preparation and use of zirconia in a com- 
pressed form as an incandescing medium, but no practical results 
followed beyond the temporary ones above referred to. 

Before any improved means of illumination adapted for gen- 
eral domestic purposes can be considered successful, a variety of 
difticult and conflicting conditions must be fulfilled, some of which 
are as follows: 


| 
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1. Existing fittings should not be interfered with, excepting so 
far as burners and their adjuncts are concerned, and uo separate 
system of service pipes must be required. 

2. The system must give a better and steadier light than the 
ordinary gas flame; in other words, the inducement to employ it 
must be obvious and decided. 

3. The cost of new fittings, and of altering existing ones, must 
be moderate. 

4. The management of the system must be as simple as that 
required for gas, facility of breakage or derangement must be im- 
possible, and the duration of the lighting medium must be so great 
that the cost of renewals (which must in any ease be insignificant) 
should be inappreciable. 

5. The consumption of gas must not be increased, but, on the 
contrary, a very marked saving either in consumption or its equiv- 
alent in increased light must be secured. 

6. The combustion of the gas burned must be more perfect 
than at the ordinary gas burner, in order to reduce to a marked 
degree the objectionable and destructive effect of gas consumed 
in dwellings. 

7. The light obtained must remain constant, and not deterio- 
rate with the use of the Uluminating medium. 

The foregoing are all probably the importaut requirements atten- 
dant upon successful system of gas lighting by incandescence, and 
if they can be fulfilled, there is no doubt that the introduction of 
electric light for domestic uses would be indefinitely postponed in 
countries where gas is produced and sold cheaply. 

Auer von Welsbach.—About eighteen months since considerable 
interest was excited by reports coming from Vienna that an Aus- 
trian physicist, Professor Auer von Welsbach, had, after long ex- 
-perimeut, succeeded in producing an exceedingly thin hood or 
‘mantle of zirconium oxide, capable of receiving a high degree of 

- ineandescence, when submitted to the action of heat, without be- 

coming disintegrated, and of sufficient strength to resist the ordi- 
nary shocks of service. Naturally enough the first stories that 
were set afloat as to the remarkable nature of this method of illu- 
‘mination, called subsequently for considerable discount, but when 
all allowances had been made, it became evident that Professor 
Auer von Welsbach had devised a beautiful means of utilizing the 
long-known property of zirconium, aud had partially elaborated a 
system that promises to have before it a certain field of usefulness, 


a 
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The English patents bearing on this particular invention, so far 
as they are made public, are dated December 12, 1885, March 13, 
1886, and July 29 of the same year. 

In the first specitication, which is the only one that calls for 
consideration here, it is set forth by Professor Welsbach that his 
invention relates to the manufacture of an illuminant appliance 
in the form of a hood, rendered incandescent by gas or other burn- 
ers. The proportions of the substances used for impregnating the 
hood, as already described, are given as follows : 


: . 60 per cent. zirconia or oxide of zirconium. 


20 oxide of lanthanum. 


20 *  yttrnun. 
or, as an alternative : 


50 per cent. zirconia. 
5vV oxide of lanthanum. 


The elaim in this specification runs as follows: “ The manu- 
facture, substantially as herein described, of an illuminant appli- 
ance for gas or other burners, consisting of a cap or hood made 
of fabric impregnated with the substances mentioned and treated 
as set forth.” 

It is to be regretted that although nearly a year and a half have 
elapsed since Professor Welsbach’s arrangement excited scientific 
interest, but little has been done in practice, and the only available 
results are those obtained from the laboratory. In Vienna—its 
birthplace—some public offices, shops, and private dwellings have 
adopted it, and in England, where the patents were acquired at 
the close of 1885 by a syndicate, now merged in a large company, 
two or three places of public resort have been lighted by it, but 
only so recently as to afford no means of judging whether the in- 
ventor’s claims will be justified by experience. In London, indeed, 
the whole of last year appears to have been lost in perfecting de- 
tails of what was supposed, six months before, to be an already 
perfect invention, and for this reason there is no public experience 
to draw from as to the practicability and permanence of the light. 
That the inventors and their friends are profoundly convinced of 
the immense value of the invention is shown by the fact that they 
have recently launched a two-million-dollar company for working 
the process. 

The arrangement of the Welsbach lamp may be described in 
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a few words. A hood of fine fabric, such as net, is impregnated 
with the zirconium solution already referred to,and when dried 
and shaped symmetrically, is suspended by platinum wires over a 
Bunsen burner, the whole being preferably inclosed within a glass 
chimney. When the burner is lighted the combustible portion of 
the hood is rapidly burned away, and the water of the solution 
evaporated, leaving a skeleton of zirconium oxide—a perfect replica 
of the original fabric. Under the action of the heat this delicate 
surface is brought up to a vivid incandescence, though it does not 
reach its maximum illuminating power for several hours. If not 
broken by accident, through flaws in the structure or from other 
causes, it maintains its maximum brilliancy of six or seven candles 
per foot of gas burned per hour, for a long but apparently variable 
period, dependent probably upon a variety of external and strue- 
tural conditions ; this period of maximum usefulness is stated to 
range from 300 to 1,000 hours, but the writer gives these figures 
not on his own authority; it is clear, however, that a time comes, 
when, supposing the delicate oxide skeleton has withstood the ills 
to which it is peculiarly heir, begins to fail, and through another 
period of gradually decreasing efliciency, becomes ultimately use- 
less, unless; indeed, as the writer believes in the case in Vienna, 
the hood is reinforeed by the addition of new impregnating 
fluid, a delicate operation hardly within the scope of the average 
user. 

So far as can be judged from present imperfect knowledge, the 
Welsbach light complies fully with some, but not by any means 
with all, of the conditions mentioned above as being necessary for 
successful domestic lighting. Existing fittings are disturbed ouly 
as far as new burners are necessary, and no additional service pipes 
are required. The light is far better than that given by gas, and 
is absolutely steady ; the color, too, is preferable, though it may be 
mentioned that, normally, the Welsbach light is intensely, almost 
ghastly, white; it would appear that a yellower tone is considered 
preferable, and it is believed that hoods giving this color will be 
issued to the public. A remarkable feature of the light is the rela- 
tive small amount of heat given off, which is not without its advan- 
tages. Of cost the writer is not in a position to speak, except that 
the two-million-dollar company already mentioned propose to make 
a profit of $1.25 for each light sold; not an unreasonable amount, 
apparently, though evidently a large number must be disposed of 
to pay interest on so heavy a capital. The chief weakness of the 
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new system would seem to lie in the excessively delicate character 
of the hood, which, according to the writer’s experience (though 
he would carefully point out that this must not be taken as con- 
clusive) is gradually disintegrated under small and frequent vibra- 
tions, such as those caused by passing vehicles in an adjacent 
street. It is, moreover, scarcely possible to believe that any zir- 
conium hood would have a long life, under ordinary treatment. in 
general use, and the annoyance and expense attendant upon more 
or less frequent renewals would militate greatly against its sue- 
cessful adoption, to say nothing of the diiticulties attendant on 
the transport of these fragile films, and the delicate operation of 
fixing them on the burners. The remaining conditions, except 
that relating to duration of efficiency, are certainly established 
beyond dispute, but it will be readily admitted that the fragility 
of the vital organ will retard its general adoption until thorough 
experience shall have proved the danger to be imaginary, or some 
means have been devised of strengthening the hood. 
Wi//iams.—Attention should be drawn to the specification of 
a very prolific inventor (English patent, January 16, 1882), Mr. J. 
S. Williams, of Riverton, New Jersey, in which a “thermo-candle ” 
is described in somewhat distracting variety. Several sentences of 


considerable significance, however, oceur as foreshadowings of the 


Welsbach methods, e.y., “ Limpregnate or coat a gauze of any suit- 


able material as a base or form for the deposition of metal or metal 
alloys, and thereby obtain an extended open surface for the devel- 
opment of the light with a comparatively small amount of material 
to be heated. . . . I construct or form the light-emitting portion 
of the thermo-candle by the deposition of highly refractory metal 
or alloys upou a base or form composed of other materials. 
I employ metallic salts or oxides, both in solution for coating, or 
both impregnating and coating the fibrous or other piece, which 
serves as the form ; for instance, I can first dip the piece of fibrous 
gauze, asbestos, muslin, silk, metal, or other form or piece in salt, 
or oxides of magnesium, or other material. T can employ for this 
purpose any suitable salt or oxide.” And a little before he says 
that metals possessing the greatest refractory quality can be spread 
over a surface as a mere film in thickness, and can be alloyed with 
a cover and coat of other materials, such as oxides of magnesium, 
calvium, zirconium, and the like. 

Clamond.—Following another line of experiment, M. Ch. Cla- 
mond, of Paris, has sueceeded since 1880 in evolving a system in 
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which a brilliantly white light is obtained by incandescence, but 
which, for several reasons—chief among them the fragile charae- 
ter of the incandescent medium, and its short duration—does not 
seem to recommend it for adoption except in special cases. M. 
Clamond’s original idea is contained in an English patent granted 
on May 24, 1880, and is embodied in the following paragraph : 
“The object of the apparatus is to produce a flame which, sus- 
tained by atmospheric air, is rendered capable of producing the 
luminous effects of flames sustained by oxygen, this result being 
obtained by a preliniinary heating to a high temperature of the 
air that sustains the tlame, so that little or none of the heat evolved 
at the point of combustion is absorbed in heating the inert nitro- 
gen. For the combustion of gas in this manner, the air, on its way 
to the flame, is caused to pass through a tube of refractory mate- 
rial, which is heated to a high temperature by jets of the gas playing 
against its external surface, and in order that the air may be more 
thoroughly heated, the interior of the tube is divided by partitions 


manner, being subdivided into numerous streams directed against 
the heated sides of the tube. From the tube the heated air issues 
through small apertures and mingles with the ignited gas, pro- 
ducing a flame of intense heat which, directed on refractory mate- 
rial, such as lime, causes incandescence.” 


feos apertures through which the air has to pass in a zigzag 


Subsequent patents were obtained by M. Clamond in 1882 and 
1883 for improvements and modifications, the special feature of 
the system being the use of magnesia filaments as an incandes- 
cent medium. 

Lights of this kind are used in Paris to a limited extent, and 
are now being introduced in London, with what prospect of sue- 
pe the writer is unable to say. The consumption of gas by this 
system is stated to be about 1 eubie foot per hour for 5 candles, 

and its principal drawback appears to be the short life of the mag- 

-nesia basket, and which, according to a French writer, varies from 
twelve to fifteen hours.* 

Fahnejelm,.—As bearing directly on this point of the subject, 
reference should be made to a very interesting application of the 

Strong water gas, carried out in 1884, for illuminating purposes, at 
— the works of Messrs. Schultz, Knaudt & Co, Essen, Germany, where 
the gas has, for a long time, been largely used for numerous pur- 

poses, especially for welding. The gas contains about 90 per cent., 
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by volume, of combustible constituents—5 volumes hydrogen, 40 
volumes carbonie oxide, 5 volumes carbonie xeid, and 5 volumes 
nitrogen. Prolonged experiments were made to convert the 
intense non-luminous combustion of the water gas into a lani- 
nous flame by the addition of heavy bydro-carbons, but no success 
attended these efforts, and the proposals of a Swedish engineer, 
— Mr. Otto Fahnejelm, of Stockholm, were favorably entertained. 
The system of incandescence lighting devised by this inventor in- 
volved the use of a number of thin rods of magnesia, rather thin- 
ner than the lead in an ordinary drawing pencil. They are made 
by making magnesia made into paste with a glutinous medium, 
and forcing it through dies. These rods are then brought to a 
very intense heat in a crucible, when they become almost like por- 
eelain. A double row of them is clamped in a metal holder and 
suspended over the flame of water gas issuing from an ordinary 
burner. The light emitted is very white and beautiful, and the 
whole of Messrs. Schultz, Knaudt & Co.'s works are lighted by it, 
the ordinary gas fittings having been employed. The rods of 
~ magnesia last from 80 to 100 hours each, and each comb complete 
costs about five cents. It is stated that the cost of the gas is less 
than fourpence per 1,000 feet. This method of lighting formed 
the subject of a patent taken out in England by Mr. Falnejelm 
on the 5th of December, 1883. 

Quite a number of inventors have obtained patents for the use 
of wire gauze made from refractory metals, and shaped into caps 
or cones, to which the gas and air are conducted, for the most part 
under pressure, involving, of course, the use of special apparatus, 
and consequently placing the device beyond the limits of general 
application. 

Popp.—Among these are two patents of Victor Popp, of Paris, 
dated September 16, 1882, and March 1, 1884, containing deserip- 
tions of pressure regulators, fittings, and gauze incandescence 
cones, but which call for no special remark. Other inventors 
whose schemes are placed on record in the English Patent Office 
are as follows: 

Palmer.—J. D, Palmer, of London, filed a specification on Jan- 
uary 22, 1876, for the combination of a finely-woven wire gauze 
cap of platinum, iridium, or other refractory metal, with a base 
through which atmospheric air and gas at ordinary pressure were 
admitted ; these, mixing within the cap, produced, on ignition, suf- 
ficient heat to incandesce the gauze, the effect being increased by 
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the addition of a central metal rod that was brought to, and main- 
tained at,a very high temperature by the burning gases. 

and Redfield —Me SSIs. A, Reckenzaun and J. H. 
Redfield have a patent dated Marelh 14, 1882, for producing light 
and heat. This patent refers mainly to apparatus for producing 
gas from a mixture of air and hydro-carbon ; reference, however, 
is made to a burner formed of a coil or other form of platinum or 
iridium ganze to which the gas is led, and when it is ignited, it is 
stated that this arrangement is suitable for heating purposes. 

Cooper.—Thomas Cooper, of Norfolk, filed in January, 1883, a 
provisional protection for a form of lamp in which air, impreg- 
nated with hydro-carbon, was to be led to a cap of platinum or 
iridium gauze and ignited. 

Wicken.—W. B. Wicken, of London, filed a provisional speci- 
fication March 19, 1883, for a regenerating gas lamp, in which the 
source of light was to be a spherical mass of loosely compacted 
platinum wire suspended over the heat of a Bunsen burner. 

Lewis.—We now come to the last group of published patents 
having reference to that system of illumination by incandescence. 
These were taken by Mr. James Lewis, of London. There are 
five of these patents in all, taken out between April 14, 1581, and 
October 21, 1884, a period which, it will be observed, includes the 
dates of the Clamond, Popp, and other patents already referred 


to, although, of course, the use of platinum or other refractory 
metal gauze had been described long before. 


The leading idea in Lewis's first patent, developed and carried 
into practical form in the subsequent ones, is for the combination 
of certain parts forming burners supplied with gas and air, the 
latter under pressure, in such a way as to secure an intense heat 
on combustion, used to incandesce a platinum gauze cap. 

Although none of the Lewis methods seem as yet to have 
proved adapted for ordinary use, yet it is difficult to conceive a 
more brilliant, steady, or beautiful light than he obtains from the 
incandescence of the platinum cone, when the combustion of the 
gas is supported by air under pressure. A small cap of platinum 
gauze yields a light of at least 200 candles with a consumption of 
30 to 35 feet of gas per hour. A curious feature of this system is 
that the temperature to which the platinum is raised is so great 
that it may be exposed to a heavy rain, or water may be thrown 
over it, without any apparent effect, the light continuing as steady 
as when being under shelter. On the other hand, not only is the 
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system inapplicable for general use on account of the double mains 
being a necessity, but the noise produced at the burner render it 
unsuitable except for lighting very large covered spaces, or for 
out-of-door work. Many of these lights have been worked in and 


near London, where they have done good service under special 


conditions, 

Sellon —Attention will now be called to some improvements 
upon the Lewis system of gas lighting by incandescence, which 
appears, so far as experience and experiment allow a conclusion 
to be drawn, to fulfill, more nearly than any other plan yet de- 
vised, the varied and difficult conditions required for domestic 
and general use. Nothing has yet been made public upon the de- 
tails, which have, however, been under careful and continuous 
test for the past four months, nor are the patent specifications re- 
lating to it published, so that it is only possible to describe the 
system generally, to record what results have so far been 
obtained, and to exhibit a specimen of two types of lamp 
that you may judge how nearly practical success has been ob- 
tained. The patentee of these improvements is Mr. J. 8. Sellon, 
whose name is familiar throughout the world in connection with 
electric lighting. Mr. Sellon is, moreover, one of the partners of 
Messrs. Johnson, Matthey & Co., who, in Europe, at all events, 
take the lead as workers of platinum and other rare metals, so that 
in this respect Mr. Sellon has enjoyed especial facilities in experi- 
menting with alloys of refractory materials such as are requisite 
to withstand usage and give a high incandescent duty. Like Mr. | 
Lewis, Popp, and many others, Mr. Sellon makes use in one of his 
types of a cone of metal gauze, the exact nautre of which is not 
yet made public, but which has proved during the last four 
months its light-giving and resistant properties. The cone is 
formed with three projections or ribs running symmetrically from 
its apex to its base. While these ribs assume the useful purpose 
of strengthening the cone and making it practically rigid, their 
presence is explained by tle ingenious and simple mode of manu- 
facture. 

Strips of metallic gauze of a width equal to the depth of the 
cone are cut into triangular pieces of such a form that when bent 
and the edges turned, three of them put together make up the 
hood. In this way there is no waste of material, and the process 
of manufacture is made absolutely simple. The pieces are then 
fused together at the edge by the oxyhydrogen blowpipe, and a 
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very rigid cone is obtained. The cost of such hoods is about half 
a dollar, and when worn out they can be renewed for a few cents. 
The Bunsen burner is of a form perfected by Mr. Lewis: it will be 
noticed, Fig. 170, that an ample length of tube is allowed between 
the gas and air inlets and the point of combustion, the result being 
a quiet and intense flame, not materially affected by the ordinary 
differences in gas pressures, and presenting no liability to light 
back. As will be seen, the arrangement lends itself admirably to 
table lamps, and is equally well adapted for chandeliers and other 
fittings. Sufficient time has not yet elapsed to decide the ulti- 
mate life of the cones, but four months’ severe test has failed to 
develop any material change either in the structure of the alloy or 
in its incandescent properties, and, to all appearances, the useful 
limits of the cone are sufficient to insure their practical utility. 
The light is of a very agreeable color, and the steadiness absolute ; 
it will, moreover, be at once appreciated that the stoutness and the 
rigidity of the cones adapts them to resist the shocks of any ordi- 
nary wear or accident ; if necessary, they can be taken off, cleaned, 
and replaced by any unskilled person, and renewals can be made 
with equal facility. As regards consumption of gas and illuminat- 
ing efficiency, the tests carried out over a comparatively long 
period show with a burner consuming 6 feet per hour the efficiency 
of 5 candles per cubic foot of gas burned, being an economy of 45 
per cent. as compared with the Board of Trade standard Argand. 

Another form given to this system is the so-called “star lamp,” 
an arrangement combining a large amount of efficiency with a 
pleasing form. In this lamp, the mixed gas and air flow from the 
Bunsen burner into the lower half of the glass globe, which is com- 
pleted by another half globe above, finishing with a chimney ; 
these half globes are coupled by any convenient attachment, but 
are separated by an asbestos diaphragm, in the center of which is 
eut a star-shaped or circular opening, in which is placed a flat 
piece of gauze woven from the refractory alloy. Combustion takes 
place on the upper surface of the gauze, which is almost immedi- 
ately brought to a vivid state of incandescence, giving an illumi- 
nating efficiency with a burner consuming 7 feet per hour of 6 can- 
dles per foot of gas. There is no visible flame upon the surface 
of the gauze, and the brillianey of the light attests to the perfee- 


tion of combustion. A shade surmounting the globe renders this 


form of lamp specially suitable for domestic use. In a modifica- 
tion of this star lamp, the heated air rises through a metal chim- 
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— ney surrounded by larger tubes that serve to carry downward the 
_ gas and air supply into the glass globe beneath, where they mix, 
~ and, aseending through the gauze, become ignited. This form is 

intended particularly for more powerful illumination than is gen- 
erally required for house lighting, except for entrance halls or 


similar situations, where the Wenham lamp now finds a large ap- 


plication. ‘Two allegations against this system naturally suggest 
themselvyes—danger from explosion of the mixed air and gas in 
the lower part of the globe, and the obscuring of the surface of the 
latter by deposition from the gas, which would thus gradually cut 
off a portion of the light. With regard to the first point, the writer 
is assured that exhaustive experiments have been made to test the 
security of the lamp, and that, under the most trying ¢onditions, 
he has failed to bring about ignition except on the upper surface 
of the gauze. As for the latter point, the globes appear to want 
cleaning no oftener than, under ordinary conditions, they require 
to be attended to on account of the accumulation of dust. This 
system of lighting does not show the character of the Welsbach 
light in being comparatively cool, as its radiant heat is about the 
same as that of gas. This, however, does not seem to be wholly 
a disadvantage, as, probably, in the majority of households, the 
heat given off by gas is not unwelcome in the winter months. 
Upon the whole this latest development in the science of gas light- 
ing by incandescence seems to be by far the most pertect that has 
yet been proposed, as it fulfills, practically, all the conditions re-_ 
quired for domestic lighting. Evxisting fittings are scarcely inter- 
fered with, except as regards the burners; the light is absolutely 
steady, and the economy over standard gas burners is about 45 
per cent.; the first cost is insignificant, the management is simple, 
and the duration of the incandescing medium has been proved by 


eight months of service; renewals are inexpensive and easily made 
by unskilled labor, while the permanence of the light given is fully 
maintained. It would, however, of course, be premature to form 
anything like a definite opinion upon the ultimate merits of this 
ingenious and promising system; its future can only be decided 
on by public approval after considerable time. But it seems to 
the writer that the subject forms sufficient interest and impor- 
tance to be placed before this meeting, especially as this is the 
first occasion in which the Sellon light has been exhibited in the 
United States. 


wal 
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(Added by the Secretary.) 


The star lamp referred to in the latter paragraphs of the paper and sent 
on for exhibition at the meeting is illustrated in Fig. 170. A is the upper glass 
chimney, and D is the lower one, similar but shorter. 8B is a brass ring secured 
to the lower globe or chimney, D, by four brass set screws and bearing four 
others, ¢, by which A may be secured to it as the ordinary globe is fastened on 


a gas bracket orchandelier. The lower screws secure an asbestos or tale dia- 
phragm at the joint of Aand p, This asbestos diaphragm, 4, has a star shaped 
opening cut in its center, which is covered by the special gauze, in. At the bot- 
tom of Dis the *‘ gallery,” £, as the author calls it, which is fitted with spring clips 
in the usual way to hold a cylindrical chimney, For the star lamp this gallery 


has a flat top with side openings. For the smaller and simpler lamp, using a 
straight cylindrical chimney, the cone of gauze fits right over the central turret, 
within the chimney. In either case, the gallery screws upon the top of animproved 
Bunsen burner tube, ¥, the latter having an enlargement at G, where the air 
inlets are, Below that the stand is like any table standard base. The tube 
screws off at G from the gas inlet, and various nipples can be substituted to suit 
various pressures in the street mains tosecure best efficiency. For the star lamp 


A - - Upper thimney 

D - - Lower chimney 
E - - Gallery 

F -- Bunsen burner tube 
G - - Air inlet 

h - - Asbestos diaphragm 
m --- Gauze 


an ordinary shade holder screws on the top of F just below the gallery, so that 
a porcelain shade, fitting just over the convexity at the bottom of Aa, may throw 
the light downward, ‘The gas supply is through the usual }-inch tube used for 
table standards, 
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ADDRESS, 1886.* 


BY COLEMAN SELLERS, PHILADELPHIA, PA, 


(Member of the Society, and President, 1885-86.) = % 


A tone and tedions illness, covering the whole of my term of 
ofttice as President of the American Society of Mechanical Engin- 
eers has prevented me from performing duties which would have 
been a pleasure tome. When the time came for me to speak to 
you, I was still too ill to prepare an address, and I cannot review 
the work of the year, for much of the time has been a blank to 
me. Nor do I feel inclined to contine myself to any one theme, as 
I desire to invite your consideration of a variety of topics which 
appear to me germane to our organization. 
The clonds of financial depression which have so long hung over 


all countries seem now to be lifting, and we have reason to hope 


for a revival of trade and hetter opportunities to apply our talents 
to the good of the mechanical industries of the United States. 
Last summer the distinguished President of the Institution of Me- 
chanical Engineers of Great Britain, took the depression of trade 
as the text for his admirable annual address, pointing out causes or 
supposed causes and making a fair comparison to illustrate his ar- 
gument between the conditions that held in this country and Eng- 
land. He pointed out the advantages which accrued to America 
from well-considered and well-organized mechanical enterprises, 
referring particularly to the American system of manufacturing 


— — 
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* [NOTE BY THE SECRETARY.—Mr. Sellers was prevented by illness from pre- 
siding at any of the sessions of the Society during his term of office, and from 
preparing and presenting his retiring address at the usual opening session of the 
Annual Meeting in New York, November 29th, 1886, It was arranged, however, 
that its preparation might be deferred until the author’s recovery should be far 
enough advanced to admit of its completion, which has fortunately occurred before 
the volume was entirely ready, so that the Address appears in this. place instead 
of in its usual place at the close of the proceedings of the Annual Meeting at page 

45 of this volume.—F. R. H.] 
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bridges and watches. In regard to the latter industry he pointed 
to the decline of the watch-making trade of Liverpool, where the 
work, employing formerly a large number of hands, was carried on 
in private workshops, with few tools, or at the homes of the work- 
men, without improved machinery to help them, and without any 
systematic division of labor, In contrast to this, the great watch 
factories in the United States have aimed to select a good model, to 
perfect that model, and then to cheapen the output by systematic 
organization, with the result so well known now, of gradually de- 
stroying the trade in England and rapidly introducing American 
watches into all countries. The selection of examples cited was 
good, but these examples were but asmall part of the many similar 
cases which illustrate the value of the methods adopted in our coun- 
try, and which work to its advantage. 

Those American industries which are having somarked an effect 
on trade are the work of specialists. The tendency of modern 
times is to encourage specialties. In Medicine and in Law the 
great men are specialists, and so it isin mechanics. An old time en- 
gineer, the head of one of the largest machine shops in Philadelphia, 
forty years ago pointed out the need of specialists in mechanics, 
and the great advantage of manufacturing establishments over job- 
bing machine shops. He used to say that the jobber, selling his 
thoughts to one purchaser at a time, wastes his brain capital. He 
spends his energies on each emergency with little or no prospect of 
repeating the construction upon which he has expended much 
thought or of applying again ingenious devices worked out for 
unique cases. The manufacturer on the other hand, invests his 
mental capital, in what, if salable, yields him a constant income. 


He can improve his product and in most cases cheapen his output 
by improved methods of manufacture, or by the introduction of 


special tools and appliances prepared for him by other specialists in 
that line. It is here that the true value of the unique patent laws 
of this country is feit. The trials and tribulations of passing the 
patent office save subsequent litigation, and the manufacturer, pro- 
tected, can perfect and install a plant adapted to his purposes, while 
the unprotected maker cannot venture on such a risk. The product 
of the manufacturer is cheapened, too, through the perfection of the 
personnel ot his establishment. Besides what he may do, his subor- 
dinates in their several capacities, with the hope of large earnings, 
improve their work in quantity and quality. They become more 
skillful and they take a greater interest in their work if enabled to 
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share the profits by any well devised system of piece work. They 
suggest improvements or what may lead to improvements. 

Forty years ago when this far-seeing man urged the advantage 
of manufacturing machine shops, there was not much competition 
in trade as compared to what there is now. Even then separation 
in competition came with distance apart of the shops in miles, while 
now distance does not separate. Workshops are not now secure 
in the trade of theirown immediate neighborhood, Steam and elec- 
tricity have eliminated distance, and the market is for the one who 
can do the best work for the least money. This old-time engineer 
Was a man almost without education—I mean book-learning. He 
was a learned man so far as long practice and a good memory had 
made him so. He was a walking encyclopedia of his own and 
others’ experience. Tle could remember all sorts of devices con- 
trived by this or that man, and was full of anecdote to illustrate 
his points. Ilis drawing board was any plank at lis command and 
his instruments a bit of chalk. Ile knew where every pattern was 
placed in the loft and could combine them to meet his emergencies. 
He was very quick in detecting talent in those under him, and em- 


ployed more good d raughtsmen than any other similar establish- 


nent of his time in his city. My old friend used to point to certain 
latites which he had built from patterns loaned to him by a lathe 
builder, and upon which he had thought he would save money by 
making them himself. Those, however, after some years of use, cost 
more in repairs and proved to be more costly than the finished 
lathes which he had purchased from the same manufacturer, This 
was one of his examples of the great advantage arising from special- 
ties in machine making. When in England, in 1884, I was much 
struck with the mercantile ability displayed in the conduct of one 
large establishment. This was essentially a manufacturing shop, 
and the heads of the concern were merchants or had been trained 
as merchants. Gifted with marked administrative ability, they had 
secured the co-operation of good mechanical ability, and knew just 
what to make, how to make it, and how to sell it. The engineer 
who counts cost as nothing, as compared to the result, who holds 
himself above the consideration of dollars and cents, has missed his 
vocation. The time has come when we must bring into the con- 
duct of our shops the best clerical ability for collecting and tabula- 
ting the statistics of business. This, however, can only be carried 
out to advantage when the engineering head of the establishment 
is able to do the clerical work himself, so as to direct and to teach 
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those who are employed to do this work. Presently I shall come 
to speak of the education of engineers, and I will at the same time 
take exception to the system of teaching in vogue in the public 
schools, where the mercantile education is carried farther than need 
be; and I feel satistied that the mercantile part of our profession 
should be thoroughly taught in the higher technical schools, just in 
fact where it is not taught. Tam safe in saying that no profession 
requires a broader education than that of the mechanical engineer. 
He must be a physicist, a merchant, a lawyer, a chemist, and he 
should know how to express himself in his mother tongue and be 
master of the modern languages far enough to have access to the 
scientific publications of other countries, 

My own experience from the time when as a boy I worked 
during holidays in my father’s pattern shop, covers more than half 
a century, and it has been my good fortune to have had to do with 
many mechanical trades, from the farm to the rolling mill, in the 
lowest grade of workman, before I was fortunate enough to con- 
nect myself with a manufacturing establishment, where I could 
learn the necessity of counting cost in everything and where I fully 
learned the value of the mercantile part of the profession. 

An engineer must learn early to view all things equally, to be 
patient in his scheming, never to be satisfied with good enough. 
Nothing is good enough if there isa chance to make it better. It 
is the least part of an engineer’s work to accomplish a given result; 
it is the greatest part to accomplish the result in such a manner as 
almost to defy improvement. The world is full of examples of en- 
gineering enterprises which are crude and ill considered. I re- 
member standing in a forge yard in England where there was a vast 
collection of broken engine shafts and other pieces of machinery. I 
was there to look at the crank shaft of one of the largest of the ocean 
steamers. Standing on that broken crank shaft I could see around 
me hundreds of mistakes—good workmanship cast aside on account 
of errors in design. 1 thought what a fearful record it would make 
if we could see the aggregate cost of all these mistakes. In former 
times such mistakes as still occur were more excusable than they are 
now. Through these many mistakes, however, we have come to be 
possessed of a vast amount of useful knowledge. The steam engine 
has grown by the survival of the fittest, and from the perfected 


steam engine has been worked out the theory of thermodynamics. 


The steam engine in its highest form preceded the theoretical 
knowledge which has been written up under the name of thermo- 
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dynamics, just as the music of the great masters was written and _ 
played long before the science called acoustics had been worked out: | 


long, too, before the laws which govern harmony had been formn- 
lated and placed in the student’s hands. These laws are now the 


common property of all students. In view of what we know in 


regard to steam and its conditions, we are not guiltless if we repeat 
the errors of the past for the want of seeking after truth which is 


accessible to us. Even forty years ago we were more excusable for 


our want of knowledge, but now we have schools to teach mechan- 


ical engineering, schools to teach us how to observe facts, Books 


are multiplying. Ourown Society is doing good work in the di- 


rection of original research through the well considered experi- 


ments of its members, and we widen our conception of the laws 


which govern matter and of the material with which we have to 


work, The day for empiricism in mechanics has gone by. As [- 


have already pointed out in lectures before the Franklin Institute 


of Philadelphia, the wonderful progress in modern times is due to 


our method of observing facts and of grouping them in proper. 


order; working out the Jaws which govern matter and proving that. 


these laws are correct by our inability to find any exceptions to 


them. Some of these Jaws are so well established that it is need- 


less for us to experiment farther, and we can follow them with con- 
fidence. As the knowledge of the world becomes formulated 
through individual experiments or through the work of this and | 


kindred societies, we will have before us the accumulated experience | 


and knowledge of those who have gone before us. It is true that 


we have much to learn, but with the light already at our command 


we have no excuse to repeat the errors of others or to err grossly 


on our own account, 


The engineer must of necessity be a hard student; his school- 


days never end. I hope the engineer of the future will begin his | 
studies earlier in life than he now does. At the present time that. 
period of a boy’s life called his school-days may end, and, assum- 


ing he is to be an engineer, he may enter the shop ignorant of all 
the objects about him, with hands untrained to work, the butt of 
those who have come before him. I hold that some portion of 
his engineering training might well begin with his spelling-book. 
A child who can hold a pen to write is old enough to learn to 


draw. Even before that time he might begin to train his hands 
in useful manual labor. It is admitted, that man having hands is 
by reason of those hands better than the beast of the fields, and 
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because he has hands he should be early trained to use them. 
What will fit him to enter the workshop in better condition than 
now, will fit him better also for any other walk in life. 

Must a mechanical engineer of necessity be a master workman ? 
I know of some very worthy engineers who are making their mark 
in the world, who are themselves very clumsy in the use of their 
hands, and I doubt much if they have ever worked at the bench. 
I know they would have been the better for more hand training. 
Personally, I do not know how to separate the engineer from the 
skillful workman. In my own case I had a wise mother, who 
placed the tool-box ahead of the grammar, and though bed-ridden 
herself, she sent out and bought tools for me when I was a very 
small boy, and taught me how to use them with the skill which she 
had learned from her talented father. She was a striking example 
of what a woman can do to educate her boys in a direction not 
commonly followed by the modern mother. The man who is 
ready in the use of tools, can not only direct workmen more intel- 
ligently and systematically, he can also appreciate the value of 
the work done for him and be nearer to the workmen and be bet- 
ter fitted to deal justly with them. We may say that a knowledge 
of thermodynamics will be of no use to the man who is, day in and 
day out, engaged in the repetition of a single operation, such as 
boring cylinders or turning axles. Indeed, I am quite sure that 
some of the very best workmen in these specialties are men with 
no education at all, many not being able to read or to write. But 
from the lowest workmen to the highest there must be a gradu- 
ally increasing amount of knowledge. Let me illustrate this with 
an example. It is known the world over that we can utilize labor- 
saving machines to better advantage in this country and with less 
trouble from the uneducated workmen than is possible in any 
other country—that is in the other old countries. American labor- 
saving machines are noted the world over, and very many of them 
are the outcome of the brains of workingmen, who have devised 
them and made them. Not many years ago I had a call from an 
English engineer who desired to visit some of our large establish- 
ments. Having helped him to see what he wanted, he afterwards 
called on me before going home, and then explained what had 
brought him to this country. It seems that he was at home en- 
gaged in making large cutlery and had sent out to America for 
certain labor-saving machines said to be used in this country to 
advantage. The machines in the hands of his workmen in Eng- 
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land had been of no use, andin fact had been discarded, while 


his partners had taken objection to his having urged the purchase 4 
from America. His visit was to see these machines in use | 


note their efficiency here. He said he was astonished to find 
that they were doing better work and very much more expeditiously 
than anything he had been able to get out of them. He told me 
he had satisfied himself that the cause of their failure to use them 

to advantage came from the workmen employed on the machines. 
These men had not objected to working the machines, but the best 
men they could employ were inefficient as compared to the Ameri- 
can workmen. He then continued: “Tam satisfied that your 
workmen are at least two generations ahead of ours, and that only 
from the fact that they are better educated and more self-respect- 
ing.” The education which makes a man more of a man and less 

of an animal, will tell in the work he will do, even if he el 
apply high mathematics to turning axles or running a lathe or 
planer. Walk as I have through the streets of Glasgow, for in- 
stance, and note the workmen going home from the shops in the 
evening. The men are grimed with dirt and look as if they had 
not washed for a week. A friend said to me as he drove through 
the streets of Glasgow, one afternoon at six o'clock, as the men 
were quitting work, “ We cannot get our men to wash up as they 

do with you; they seem to care nothing about their looks, and we 
cannot make them change their habits. They must quit work 
for breakfast and have their nooning, too, when we, in our 
dark winter days, are losing by these customs the best part of 
the short daylight.” He told me that very many of them could 
neither read nor write. To me it was asad sight. I thought of | 
the marked difference between these men and the same class of 
workmen in America. I overheard a horse dealer on an ocean — 
steamer talking about American workmen. He said he was brought | 
up in England on a farm, and he was familiar with the English | 
workingmen, but that any one of the western farm hands who had 
been to school could out-work any two of the same class in Eng- 
land. They were not only better workmen and did more in the _ 
same time, but they were more ready in resources, more * handy aa 
with their hands. 

To those who say that education is of no use to the laboring _ 
man, who can make no application of his knowledge in his partic- 
ular trade, I say that he is the better for his schooling if he is_ 
made a cleaner man, a more self-respecting man. Education 
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which spoils a man for his work by placing him above manual la- 
bor through false pride will continue to do harm. Although a few 
are injured in this way, far more are made better. 
To return to the advantages to come from manufacturing estab- 
lishments confining their enterprise to any one or more lines of 


trade. The successful manufacturing establishment, in any par- 


ticular direction in mechanical engineering, must,in the long run, 
represent a vast amount of practical experience, and its latest out- 
put is likely to be the highest type of its kind. It represents the 
accumulated thought of many years, unfettered by the whims of 
would-be scientific engineers who have not yet learned their trade. 
Some one has said that this is the age of blue prints. Copies of 
drawings are easily made, and the young engineer, say of a roll- 
ing mill, thinking he knows more of rolling-mill practice than the 
manufacturer, who has had the building of hundreds of mills, 
schemes out a new plant, based on what he has seen, but differing 
in minor points, differing, however, in what will make the erection 
more costly and which will necessitate the making of new tools to 
build it. He sends these blue prints over the whole country, to 
engineering establishments, good, bad, and indifferent. Some,’ 
who know what they are about, bid for the work on the basis of 
the increased cost of construction, and do not get the job. One 
knowing less, thinks the changes in design of less importance, 
ignores them in his estimate of cost, gets the job and loses 
money on it. This goes on to the detriment of trade, and will 
continue to go on, until people are fully alive to the value of 
special manufacturers’ ability. In times of depression machin- 
ists are more apt to bid on these crude designs than they are in 
times of prosperity when work is plenty for all. 

American bridge- building is attracting the attention of the world, 
and bids are asked from us for even the British colonies. The 
President of the British Association, in the address to which I 
alluded, took bridges as one of his examples of American system- 
atic manufacturing. I will do so also, but perhaps to use the ex- 
ample in a different manner. Every well organized machine shop 
has a system of sizes, has methods of work. In the designing 
rooms of these establishments drawings are made to conform to 
the means of execution in the shop. The more perfect the sys- 
tem of shop sizes in an establishment, fewer minor tools will 
suffice to carry on the work, and these tools may be more expen- 
sive and more perfect. The most trifling deviation from the sys- 
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tem involves cost and detracts from perfection—the perfection of 
long practice with certain methods and sizes, with the minor tools 
and the gauges which aid in the inspection of the work. When 
a type of bridge has been selected by a maunfacturer and he has 
perfected his plant for its production, his output is cheapened. 
His bridges will cost less than those requiring new tools, new 
gauges, and new modes of construction. ‘They will be better, by 
reason of their being the aggregate of long practice, and the sur- 
vival of the fittest in the art of construction. It is nex* to impos- 


sible for any bridge engineer, separated from the shops, to acquaint — 
himself with the methods of all the bridge makers. His drawings | 
to be worked to either differ from the practice of all, or, if con-_ 
formable to one shop, place other builders at a disadvantage. As_ 
the cheapness and efficiency of the bridges built by any one cou-_ 


cern comes to be appreciated, bridge buyers will learn to instruet 
their engineers to confine their specification to the requirement of 
each case, without cramping the manufacturer by special features. 

They should make their specification cover the strength which is 
needful, and throw on the manufacturer responsibility for the per-- 
fection of the detail of the plan. 

I have by me, as I write, the specification for bridges and other 
matters pertaining to a projected railroad enterprise, sent to me 
for examination, not for my use as a bidder. My comment on 
this specification was that it was too full in a direction which would — 
involve the engineer who wrote it in the bazard of experiment, — 
and would exclude the use of good models of things which were 
to be had in the open market. I see an inclination to include in_ 
specifications chemical qualities in the materials to be furnished, — 
while the user of the material is only interested in its physical per- | 
fections. This is, I think, a very grave mistake. We are entering» 
on the age of steel. We are going out of the iron age. The prog-— 
ress of the art of steel making is wonderful. We should do noth-— 
ing to check that progress. I say most emphatically that we, as — 
engineers, have to do only with the physical quality of the steel 
used, not with the chemical qualities. We want material which | 
will stand certain strains, and our specifications should clearly set 
forth what we do require. After that we should devise physical 
tests which will enable us to assure ourselves that the material fur-- 
nished conforms to our specification as to strength, durability, ete. 
The Pennsylvania Railroad will not accept steel for boiler plat , 
which has a greater tensile strength than 65,000 pounds to the — 
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square inch coupled with 25 per cent. elongation. This is because 
they have found that all steel of higher tensile strength, even if 
coupled with great ductility, is capable of hardening if heated and 
plunged in water. I think, in this case, I would be inclined to in- 
sist that, if the steel did “ proof” higher and had proper ductility, 
it should then be made to stand the test of hardening, and be liable 
to rejection on that account. I would do this in hopes of obtaining 
a better low steel. We do not know what can be done in the way 
of good steel, and we should put no blocks in the way of progress. 
I am writing after the death of a great mechanical engineer, Sir 
Joseph Whitworth, of Manchester, England, who has been taken 
away ata ripe old age, fullof honors. He was the great champion 
of shop perfection. He earnestly urged the simplification of grades 
of sizes, both in machines and in the tools of construction. When 
all England was in a snarl about screw threads, and each machinist 
had his own collection of taps and dies, each differing from that of 
the other, he introduced his system, which tried to come the near- 
est to the general average of the threads in use, and represented : 
graduated scale, far better than the confusion of the times, lacking 
mainly in that he did try to accord with practice, and so involved 
the need of special tools for the production of the threads. He 
might have cut loose from all precedent and given the world a sys- 
tem which would have enabled ordinary workmen, without special 
tools, to produce standard taps to a given formula. The introduc- 
tion of such a system in this country was, perhaps, rendered more 
easy by what Mr. Whitworth had done. His production of surface 
plates, by scraping one to the other in sets of three, was an exam- 
ple of how he thought out an idea and then made that idea an ac- 
complished fact by his faculty for infinite taking of pains. When 
he advocated the introduction of what we eall “ trade sizes” in all 
things manufactured, and instanced the gain to be had from the 
adoption by architects of certain graded sizes of windows and doors 
which would permit of such things being made in quantities at the 
factories, he said, speaking of our country, “ They manage such 
things better in America than we do.” He had visited this coun- 
try at the time of the first great International Exhibition in New 
York and had been impressed with the work already done here in 
the very direction which he was advocating, and more so in the fact 


that the introduction of labor-saving machines met with no oppo- 
sition from the workmen, who seemed to feel an interest in w hat 
would lessen labor and perfect the output. Oo 
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Sir Joseph Whitworth’s svstem of screw threads is in common use 
in all Germany and in other metric-using countries. It is not very 


adopted the Whitworth system, then in common use, as the sys- 
This they did, in spite of its neces- 

sitating the adoption of the English inch in the case of all screw 
threads, though they call the sizes by metrical names, saying 25 
; _ millimeters equal one inch, and so on, although they know that the 
size of a standard inch tap cf the Whitworth system, which they 


ter. The German or French maker of taps and dies, though com- 
¥ pelled by law to use the French meter as his standard of measure- 


55 degrees, and to have their bolts and nuts interchangeable with 
those made in England. 

I had the pleasure of meeting Sir Joseph Whitworth in 1884, 
after I had visited his very wonderful works in Manchester. Ie 
had much to talk about in the direction I have indicated, and he 
— dwelt for some time on the existing confusion of sizes. He said 

the best plan to make the metric system of measurements conform 
to the English and American would be for the French (since it is 
~ now known that the basis of their system bears no exact relation 
to the circumference of the earth) to increase their metre a very 
little in length. ‘ Make,” said he, “the French meter forty inches 
long, say, roughly, five-eighths of an inch longer than it now is, 
and then the two will be commensurate.” He urged me to work 
in this direction, as I was younger than he. [le said feelingly, “ I 
am too old to make the fight.” He was right; he was then stand- 
ing with one foot in his grave, so feeble did he seem to me to be. 
He was making an effort to construct, at his house in England, an 
apartment to be a winter garden, in which he could simulate the 
climate of the south of France and in which he hoped to pass his 
winters in comfort. I fear his effort was of little use, for he seems 
later to have sought the genial sunshine of Monte Carlo; there the 
thread of his long and useful life was broken. A great master me- 
chanic was lost to the world, but his work will live after him, 
Most earnestly do I hope, yet fear I am hoping against hope, that 


5 


his ardent wish, expressed to me in Manchester, may be carried out. 
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Germany and France will not give up their so-called scientific met- 
ric system; America and England cannot afford to give up their 
more useful and practical system of weights and measures, for the 
reason that it is secured and made permanent by the perfection of 
exactness of implements in common use, in immensity of cost and 
material, in tools identified with the English inch, and in libraries 
of books which express our knowledge, formulated in the system 
we use. If France and Germany will but add to their meter the 
small fraction asked for by Sir Joseph Whitworth, then the great 
nations of the earth will harmonize and make commensurate their 
metrical systems, and 25 millimeters will equal one inch, and forty 
inches will be one meter. 

This being done, if in time it comes to be proved that the French 
system has any advantages in practice over the system of measure- 
ment we have in use over the English-speaking part of the globe 
and over the great area of Russia, the transition from one to the 
other will be easy. In this view of the case I cannot but think, that 
those who are now trying to induce the Government of the United 
States to force the use of the French system by law would do well 
Sir 


Joseph Whitworth’s plan. It might in the end help them in their 
work, Let me also express the hope that the members of this Soci- 
ety will take in consideration the proposition of Sir Joseph Whit- 
worth and exert themselves to bring about this change. Messrs. 
Pratt & Whitney have shown with their admirable comparator that 


to aid in making the two systems commensurate by urgin 


the instruments of measurement in common use in France and 
Germany are far from being accurate—a new set of scales put into 
the German market and made 25 millimeters to the English inch 
would most likely agree with many scales now in use in that coun- 
try. In fact it might be well for our Society to memorialize the 
German Societies of Engineers on this subject. 

The American Society of Mechanical Engineers has already given 
expression to the views of some of its members on the subject of 
the education of engineers. As your President I have been fa- 
vored by the Institution of Engineers and Ship Builders of Scot- 
land (Incorporated), with a paper by M. Ilenry Deyer, C.E., M.A., 
on the same subject, and I have been asked by the Council of that 
Society to join in the discussion of the paper more particularly as to 
my opinion on the economical questions involved in such education. 
We may well ask what is the money value of proper education. 
Illness prevented my answering this request in time, but I cannot 
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refrain from introducing the subject in this address. At the an- 
nual dinner of the Institution of Civil Engineers in London, in 
1884, [ had the pleasure of listening to the address of Sir Lyon 
Playfair in his reply to one of the toasts. In this address he com- 
mented on the want of technical schools in England, saying that it 
would be to the advantage of the people of England to consider 
well what was being done in America, in regard to the founding of - 
technical schools rather than model on theyschools of Germany or 
France. I think we may well be pleased with what has been al- 
ready done in this country in the high schools and colleges, but I 
am very far from being satisfied with what is being done in the 
primary schools of the land. 

Our attention should be turned to the primary schools, so that 
those who enter the advanced schools may doso with a ground bet- 
ter fitted to receive what is to be planted and cultivated in the di- 
rection of the natural sciences. 

I think the engineers to whom I am addressing myself will bear 
me out in the assertion that few boys who enter the shops from the_ 
public schools, or from private schools either, and who have not 
been through the technical schools, seem to have any notion of even 
the naines of the tools and appliances which are to be used by them 
in their daily work. They cannot read the simplest mechanical 
drawing, nor does their knowledge of arithmetic seem to be in the | 
direction of its application to questions of relative speed or ques- 
tions of calculation of strength and so forth. 

In one of the weekly mechanical journals the other day I noted 
among the queries a very well worded request for information as 
to the size of a pulley required on the spindle of a dynamo to insure 
a speed of 1,500 revolutions per minute which was to be driven 
from an existing countershaft having a speed of 250 revolutions per 
minute, upon which was a driving pulley which the writer desired 
to use of 24 inches in diameter, Here is a very simple example in 
the rule of three; I feel almost sure that if the writer was asked a 
question as to relative cost of articles involving the same applica- 
tion of the use of the rule of three, he would answer it without 
hesitation. Thus if he had bought 250 water-melons at 24 cents 
each and he proposed to trade them off even for 1,500 cantelopes, 
how many cents would each cantelope be worth? The latter ques- — 
tion would recall to his mind the familiar examples of his school — 
days, all in the direction of barter and trade. This, however, is — 
not the worst feature in this matter. ILlis instruction has been— 
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through the attempted memorizing of many rules. Ile has not been 


taught by object lessons and practical examples the way to think 
out these questions on a basis of good, sound common sense. — In 
looking back at my own school days | can remember my slowness 
in learning the rules of arithmetic and the quickness with which 
I could master the solution of all problems in geometry. The fixed 
rules gave me no practical information ; the questions involved in 
geometry were things which I could see and appreciate; just asa pic- 
ture will tell with afew weli placed strokes what pages of writing 


would not make clear, without the reader making great mental 
effort to master the subject. When I go into a school room and see 
the walls covered with maps and diagrams illustrating geography, 
and listen to the recitation, I find it just as it used to be in my own 
childhood ; there is the endless memorizing of names of rivers and 
the boundaries of countries, al! of which will soon be forgotten, and 

I cannot help thinking how much could be given and retained, if 
the teacher was to carry the child in imagination over the great 
railroads and through the water channels by seaand by land and the 
young student be directed to work out the route by means of the 
railroad guide books in every day use. How much quicker would 
he learn what would be of use and how much more thorough would 
be the instruction. Then let some of the examples in arithmetic be 
in the same direction. The railroad and the steamboat route will 
suggest endless examples : how tar apart are telegraph poles placed ? 
—Ifin five or ten seconds we pass a certain number of telegraph 
_ poles, how fast are we traveling! The bieycle or the tricycle might 
~ be used to show the relation of the diameter of the wheel to its cir- 
~ cumference. <A child will take with avidity to questions as to the 
relative advantage of gearing up or down from the treadle to 
— the driving wheel of the tricycle, and can readily master the advan- 
tage or the disadvantage of one or another size of wheel on his bi- 


—eyele. Questions of mechanics, if presented in connection with ob- 
_ jects of every-day use and of personal interest, will be easily mas- 
~ tered and held fast in memory. Conservation of energy sounds 
meaningless to many, but the child who is old enough to learn to 
read, is ready to be taught that power cannot be created, but that 


~ what force there is lying dormant in the world can be used to more 
or Jess advantage. Hecan be taught the correlation of all forces and 


the advantage to be derived from economy in the expenditure of his 


-own and of all other forces, as from economy in matters of dollars 
and cents. A wise and practical education which will teach how to 
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observe and think, will guard the mind of the student later in life 
from believing in impossible motors which are to consume nothing | 
but which when perfected the week after next, are to supersede 
steam and utilize the “ vibratory forces” of nature. This improved 
system of education is, however, only to be obtained by the radical 
change involved in the substitution of the education of the hands 
and the eye for some of the useless cramming from books. 

We are almost daily astonished by some great discovery in the- 
arts and sciences. These discoveries render the work of the tricks-_ 
ters who are exploiting their alleged still more wonderful discover-_ 
ies easier. People well educated, so far as books can teach them, 
but who are ignorant of the first principles of mechanics, fall an easy 
prey tothe adventurers. They fail to see that all the startling dis-— 
coveries which really are made in each and every case fall under 
some well established law of nature, and are wonderful in their. 
very simplicity. No one of all the discoveries which have been 
made or that ever will be made points to the possibility of our ob-— 
taining a result from nothing. 

In our schools we are cramming brains with what taxes the mem- 
ory to the utmost, but which sends into our workshops boys who | 
are themselves startled to find how little they know as compared 
to those who, almost ignorant of book learning, are wise in the 
knowledge of the things about them and skillful in the use of their 
hands. 

Education of a high order seems in such cases to fail in its result, 
and so it comes that there are many thinking men who are inclined 
to consider a college education as a detriment rather than an advan- 
tage in the case of a young man wanting to be a mechanic. A very — 
noted mechanical engineer, himself a millionaire from the gains in- 
his profession, in a speech at a University celebration, he himself— 
being a Trustee of that University, made in substance the follow-_ 
ing assertion : * The University may give to the student who is to 
follow the learned professions all that he requires, but the workman 
who is to earn his bread by the skill of his hands is not bettered by 
what the University and its school of science can give him. For 
our skilled workmen we must depend wholly on the teaching in 
he workshops, not in the schools, and that a very little schooling 


would suffice for them.” 


I have noted many examples of young 
men injured by long schooling; far better for them had they been 
driven to hard work with their hands, rather than to have been 


forced in the Blimber hot-houses of learning. Strong minds in 
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It seems to me as clear as day that even the modern system of 


athletic training at college, which, under the guise of sport, trains 


the eye and the hand and strengthens the muscles, brings out the 
manhood in the scholar and makes him better fitted to fight the 
battles of life. This training is well enough in its way, but is as 
nothing compared to the perfect training of the hand under com- 
 petent masters in the direction of working with tools. Athletic 
sports should come in the time devoted to play, not in school hours. 
The manual training must come in the regular school hours ; must 
be in time taken from other studies. Now that this subject of the 
education of engineers is attracting the attention of engineers in 
Scotland, as I have already mentioned, Mr. W. Renney Watson, of 
Glasgow, tells the Institution of Engineers and Ship Builders that 
he, impressed with what he had seen in the American schools, had 
influenced his partner to send a son to the Boston school, and he 
took pleasure in exhibiting the work of this pupil, who had been 
taught by masters the art of using his hands just as a music teacher 
teaches the use of any particular musical instrument. He insisted 
on the fact that this hand training had helped, not hindered, the 
head work, and that the boy had learned more in school in a given 
time than he would have learned in the shop under the haphazard 
way of picking up what he can among the other workingmen, 

It is this hand training which we, as engineers, must insist upon. 
We need educated workmen and must encourage the home supply 
by insisting on an education which will bring to our shops young 
men whose fingers are not all thumbs, and who can be utilized to 
advantage quickly and with less loss in spoiled and wasted mate- 
rial. Drawing goes a great way toward training the hands, and in 
illustration permit me to recall an event in my own early life in 
school which will show how it can aid in other studies, 

My father began to teach me the use of a pencil when I was about 
two years old, and by the time he was taken from me, when I was 
seven, I was able to draw rudely such objects as | was familiar with, 
from having been taught how to observe form as it is presented to 


the eyeand not tothe imagination, A favorite lesson of my father’s — 


was to make me draw for him a cubical box on his desk, he placing 
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~ weak bodies are injured when the mental food they long for is 
given to them without any training of the hand or other parts of — : 
the body. Teach the head less and give at the same time more for 
the hands to do, and a system will be found which will be much : 
more generally useful than any other plan yet devised for teaching. : 
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this box in different angles of view. So I did know how to draw a 
picture of a tea box being thrown out of a ship by a wild Indian, 
in fancy dress of feathers, and could figure tea boxes floating on 


the waves, which was one of many illustrated stories he told me. 
— Start any boy on the road to draw, and, my word for it, he will sketch 
on his slate at any time in preference to doing sums, if lie has the 
chance. That was soin my time when drawing during school hours 
was a crime punishable by sundry stripes on the offending member, 
or, if persisted in, on other parts of the human form, which had 
taken no part in the offense. When Thad advanced, | presume, so 
far in my arithmetic as doing sums in long division, | remember 


over-hearing a class reciting before the master, near whom I had my 


seat. The recitation was, as I afterward learned, in mensuration, 
from the writings of one Bonnycastle. The example given was to 
the effect that a certain farmer had loaned a neighbor a cubical bale 
of hay, measuring ten feet on each of its sides, and the borrower 
did afterward return two bundles of hay, at different times, each 
measuring five feet on the side, and the question was asked: Did 

the farmer receive back his due? and if not, how much short of it? 
I, hearing this, made a sketch of a cubical block on one corner of 
my slate, and on this perspective picture drew two smaller blocks, 
each half the length per side of the big one, and I saw that but one- 
fourth had been returned. Presently I was startled by the master 
calling to me, “ Sellers, what do yon say about it /” Tasked: * About 
what?” “ The hay,” he replied; “you have heard the question.” I 
ventured to explain that the borrower should have sent back eight 
bundles each five feet on the side; he has only sent one-quarter of 
what he owed. “ How do you know?” I was asked. My answer 
was that I saw it. Iam quite sure that at the time I drew that 
cubical figure and saw the answer to the question I knew nothing 
about cubing or squaring or extracting roots. I never got over my 
fondness for the graphic method of calculating, and hold that it 
should be well taught in every school. Supplement figures with 
the graphical method of computing and the tasks which are painful 
will become easy and interesting to the pupil. 

An attempt is being made now to introduce manual labor into 
the public schools, and in some instances where teachers have been 
found who take the right kind of interest in the subject, consider- 
able success has attended the effort. The trouble for a long time 
will be in finding teachers. Schools for the instruction of the teach- 
ers in this direction have been established and will aid in this ie 
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ter, | hope engineers will vive attention toa subject of so inuch 


public importance, and aid by their advice those who are inclined 
to prosecute the introduction of hand training. The introduction 
into schools should involve little expense. It is in ny opinion a 
great mistake to fit up workshops in the primary schools with lathes 
and planing machines or other costly tools. To train the hands, 
labor saving machines should be discarded. ‘The Russian system, 
as it has been introduced into the Boston Insticute of Technology, 
is the proper method. Teach a boy to whittle, plane, or file ma- 
terial into shape, to size and line, and that with hand tools only, and 
the hand training will be accomplished with ease and certainty. 
Young men from such schools will be ready to enter any of the 
workshops and take up any trade quickly, because they will be less 
clumsy and will be in some degree informed as to the nature of 
material. Iam well assured, too, that it will be found that the 
time spent in this direction during school hours will increase, not 
diminish, the amount of head work done,and with less brain fatigue 
or less injury to minds not over strong. 

A system of education which will teach the student to think and 
to reason without depending on fixed rules will in the end be of the 
greatest practical benetit. The next best thing to having knowl- 
edge one’s self is to know where to find what we want, or to know 
to whom to apply for the knowledge we need and who can impart 
ittous, When we cannot have access to minds capable of telling 
us, by word of mouth, what we want, we can go to books. Books, 
however, are not all repositories of truth. We must be taught to 
exercise our reasoning faculties and to separate the true from the 
false. Gradually the written knowledge of the world is being tab- 
ulated. No one, who has access to books, ever thinks of going 
through the operation of squaring or cubing or extracting roots. 
We all referto the printed tables prepared for that purpose, and 
our Engine rs’ Note -hook is the safe in which is locked up the val- 
uable items of information which we have daily-to use and to which 
we refer, never thinking of burdening the mind with what we can 
obtain so readily and with such certainty as to truth. I would like 
to see these books of reference introduced into schoolsand the child 
taught to refer to them and to depend on them rather than to spend 
weary hours in repeating operations which will never be used in 
after life. [tis charged that the confusion of the metrical systems 
of different countries involves the student in long hours of mental 
work in memorizing this knowledge. It is also claimed that if one 
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universal systen—let us say the French system for instance—couid 
be introduced everywhere, then this memory work would be dis- 
pensed with and much time be saved which could be applied to 
other purposes 


Now, my idea is that it is of no use whatever to teach these 


bles of the weights and measures of all countries or even of the 
country in which the student lives, unless the learning can be ap- 
plied to some practical purpose at the moment of its acquisition, 
but, instead of teaching the tables, place the tables themselves in 
the student’s hands as we have them in our engineering pocket-— 
books, and show them how to use them, how to find the informa- 
tion when they want to use it. It has been said that the great ad- 
vantage of the French system of weights and measures is that it 
can be so readily learned. This I will admit, but it will not stay . 
learned any longer than any other set of tables unless used in every- 
day practice. A chemist attached to the Assay Department of the 
United States Mint, a man of great mental ability, who ne 
become familiar with the French system of weights in his daily 
chemical operations, and who afterward went into another line - 
industry, and who no longer had occasion to think of grammes, 
told me, not long ago, that he was surprised at the ease with which 
this knowledge had passed from his mind. In fact, as I tried to 
draw him out, I found that he could not explain the metrical sys- 
tem without considerable mental effort, and even then he made sad 
mistakes. We must index our knowledge and then teach our chil- 
dren how to find what they want, and not kill them with trying to 
cram into their little heads what we cannot retain ourselves, and 
would be none the better for if we could. 

The Engineers’ Club, of Philadelphia, is doing good work in pub- 
lishing the contributions of its members to a gradually growing — 
book ef reference. I think every society should do the like, and 
even try to index the information of books on subjects germane to 
its interests, and publish these references. | 

We have now brought about the introduction of drawing lessons | 
into the public siete. and even made some progress in the intro-_ 
duction of manual training. We,as engineers, should exert our- 
selves to push these two things, and never lose a chance to prove 
the practical utility of the new system of education. We should | 
compel the schools to follow the lead of the shops in teaching. 1 
will illustrate what I mean by an example. We take young men 
into our drawing-rooms or into our shops as they come from the 
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public schools, and we find that we have yet to teach them much 
that should have been taught them at school. Time and again mis- 
takes have been made in our own designing departments, by views be- 
ing wrongly placed, all because the young man taught to draw in col- 
lege has been told to place the top view below the elevation, and the 
end elevation of the right-hand end to the left of the front elevation. 
All this because the examples in teaching descriptive geometry are 
so placed, that isin the first angle, and not in the third, as they are 
termed. The common-sense system of drawing, as Prof. MacCord, 
of the Stevens Institute, calls it, the system in use in all workshops, 
was not, until recently, taught in some of the greatest schools in 
the land, and even the text-books published for the use of the schools 
were all wrong in this respect. 

The readiness with which some of these great schools changed 
their system of teaching, when it was shown to them that they were 
not giving the kind of information needed in practical life, shows 
what can be accomplished if we will lend our aid to teaching the teach- 

-ers; showing them what we want them to know and what we want 
the boys who come to us from them to know. The highest schooling 
is needed to make good engineers, but such schooling can be made 
easy if we take the right methods and begin early enough, We 

- must teacli the money value of knowledge and how to determine it. 

We must measure all things by the test, Will it pay? There is no 
use in spending money in teaching school, if we’cannot show that 
the teaching pays. To make it pay, it must be of practical utility. 
~ The true measure of the value of an education lies in what the 
scholar can do, not in what he knows. The system which will train 
the hand will pay better than, any other when taught in connection 
with the right sort of mind training, not mind cramming. Some 
of the most helpless and useless men the world has known have been 
great students—-book-worms—who battened on facts or figures and 


could make no use of the stuffing with which they were crammed, 
to the advantage either of themselves or their neighbors. These 
helpless, useless, brain-crammed book-worms will, for all time, be 
the legitimate butts of the taricaturist and the wit. Very few of 
the boys who come into the workshops as apprentices can have 
been through the high schools or the technical colleges. They 
must be not more than sixteen years old to have enough years 
of minority left to make profitable their services as apprentices. 
What is wanted, therefore, is that some part of their early school 
life shall have been used in acquisition of just such information as 
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will be of use in each and every one of the mechanical industries, 
as well as in mercantile operations. Such men as Mr. MeAllister, 
Superintendent of the Public Schools of Philadelphia, President 
Ilenry Morton, of the Stevens Institute, Generali Walker, of the 
Massachusetts Institute of Technology, and many other advanced 
thinkers, are quite alive to just what | am urging, but they have 
to combat the prejudices of the teachers who have themselves 
been wrongly taught and the parents who, under like tuition, have 
had no insight into the advantages to be derived from the educa- 
tion of the hand and the eye. 
It is the fashion, nowadays, for the young man who has spent 
the whole of his minority in the higher schools, to be modest and 
self-depreciative, and, most likely, honestly so. [lis examinations 
—and his crammings have shown him how mueli he does not .know, 
after all. On the whole, this may be in some respects better than 
the conceit formerly shown by the boy fresh from college, but 


at the same time it has its disadvantages, for the self-confident 
youngster, after a few hard knocks, in his effort to hold his own, 
comes out a stronger man for the battle. 7 

I hope the American Society of Mechanical Engineers will keep 


the matter of education in a foremost place and throw its influence 
in favor of a sound practical education of the hand as well as of the 
head, in the direction which I have so feebly pointed out. Tam 
sorry I had not the pleasure of meeting you and speaking to you, 
but I earnestly hope my words avill reach many and be food for 
thought. If other people look toward American mechanics as be- 
ing in the lead, and say that American engineering schools should 
be taken as models, let us make the greater effort to keep our place 
in the frontrank. The American Society of Mechanical Engineers — 
ean do no better work than in devising a good system of educa- 
tion and compelling its introduction into our public schools, Then 
will those who come after us take command and lead in the indus- — 
tries of the world, and the product of their skill and knowledge find | 
ready sale in all the markets of the world, 
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WASHINGTON (XVin) MEETING. 
é 
No. 259—39. 


What have you found the best methods for removing gas and smoke from 
blacksmith shops? 


Mr. Allan Stirling.—1 suppose the trouble with us is that we 


have had experience enough in this matter and our experience has 
not been very pleasant. I have tried to get some good way of 7 
taking care of the smoke froma blacksmith’s shop. — I fitted up 
quite a large shop some years ago, connecting the hoods over the 
fires by Jarge pipes into an underground flue, and I ran this flue off 
to the chimney—a large chimney 125 feet high. I had the utmost 
confidence that that would cure the evil, but it did not, and I do 
not know of any better way to treat this matter than to follow the 
course suggested by an alderman, They were discussing the 
question of asewer in some outlying part of the city, and this alder- 
man made a motion that the dirty water in that part of the city 
~ “be allowed to take its natural course.” I suppose we shall have 
to do that with the smoke from blacksmiths’ shops. 
Mr. Thomas R. Almond.—It would seem to me that coking the 
coal before it is put to use would be the best thing to do. I re- 
member in the Howard Agricultural Works in England they coked : 
all of their soft coal, and I remember no inconvenience from smoke — 
in the blacksmith shop. They had perhaps three hundred black-— 
siniths there, and in coking the coal they did it under their boilers — 
so as to get considerable heat out of the coal first. That is as well 
as I remember, but being a boy only eighteen years of age, I will 
not pretend to be certain as to whether their method was exactly 
what I say. The point I would make is that they coked the coal 
first. In my practice in a small way I do it to-day. I use very 
little, though. 
Mr. Charles W. Barnaby. —I think that the suggestion of the 
last speaker in regard to coking the coal isa very good one. Of. 
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course it depends unon the kind of coal used. Through our section 
- (Eastern Ohio) we use soft coal. 

At the works with which I am connected the forges are provided 
with sheet-iron funnels with shields on three sides and pipes lead- 
ing to ordinary chimneys built up inthe walls of the building. No 

inconvenience is experienced from smoke after the coal is coked. 
Formerly when the blacksmiths coked all of their own coal the 


smoke was very troublesome for an hour or so in the morning when 


the coal was being cvoked for the day’s work, especially in the pattern 

shop, which was connected at one end with the blacksmith shop in 
~ such a manner as to allow a great part of the smoke to pass into it, 


almost smoking the pattern-makers ont. For some time past the 
coal has been purchased already coked,* which obviates the difti- 
culty, 
Mr. James A, Tilden.—At a well-known steam-engine works 
they use a method by which they are enabled to get rid of the gas 
and smoke in the blacksmith shop. The shop is large and has in 
it seven or eight forges, and they simply deflect a portion of the 
blast used for the forge into the smoke flue of the hood directly 
over the forge, creating a draft in that way after the manner of an 
inspirator. I have seen two fires started, one without the exhaust- 
ing blast and the other with, and while one smoked a good deal at 
starting and gave out a good deal of gas, the other was entirely 
freefrom both. ‘Lhe parties claim the device works to their entire 
satisfaction. 
Mr. Olin Scott—I will mention one ease when I saw six fires 
taken care of by running the pipes from each fire into a main pipe, 
— overhead, through which a moderate blast was maintained. The 
arrangements produced a good draft, but it was found necessary to 
have large hoods over the fires, and the hoods placed quite low, to 
catch and carry off the products of combustion, Without the large 
hoods so placed, the smoke and gas from a new fire of bituminous 
—eoal would fall and settle and stay in the lower part of the shop and 
nearly suffocate the men. It was found that the amount of air 
taken out of the shop by the smoke ventilators caused such an in- 
flux of cold air in winter as to cause complaint of cold feet by the 
workman. 
Mr. IT. 2. Towne.—During the war I was for two years engaged 
* The coke referred to is a special quality used fur forge purposes, The black- 


smiths find it very satisfactory for tool-dressing, small forging, and welding, but 
prezer to coke their own coal for heavy work. 


4 
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' ‘- marine engine work in the Charlestown, Mass., Navy Yard, and in 
this connection may mention that the blacksmith shop as it then 
existed there (and I presume it is so still) was perhaps the cleanest 


and best ventilated one in the country, although more expense was in- 


curred in accomplishing this than most private concerns would care 
to goto. There was a high brick chimney located at one side of the 
building, apart from it, with underground flues laid through the 
shop to connect with the forges and a sheet-iron hood over each 
forge with an inverted pipe leading down into the underground 
= Ae and thus connecting eg the stack at its base. Artificial 
ventilation was maintained, if I recollect correctly, by the waste 


products of combustion from ae boilers being discharged into this 
same chimney. It was a most exceptionally clean and comfortable 
shop, and one of very large size. 


Mr. Allan Stirling. In the case to which I referred, when we 
built the fire in the chimney the draft was so strong that it would 
take away a good deal of the gus, and also in this particular case the 
coal used was not coking coal. I do not think it would be practical 
to = it so that it could be used. 

JS. 7. Hawkins —I| lave no idea that the remedy for the smoke 
Beery: ina smithy will be found in the use of coke, except for 
pone ial kinds of work, Blacksmiths have a very peculiar method 
of operating fires in ordinary smith work, and it would be very diffi- 
cult, | think, to convince them that anything but coking bituminous 


4 coal can be successfully used in such cases. For some oper: itions 


the *y produce a kind of artitici: mufile, by allowing a new fire to 
bank and cake over upon the outside, forming a hemispherical 
oven-like structure, within which their operations are conducted ; 
~and which weuld be quite impossible to produce by the use of coke. 
I am not at all sure that he is not correct in his traditional adherence 
to these peculiarities, and I have no doubt that there are many 
- operations performed by the aid of the smith’s fire which could not 
be successfully done by means of any non-smoke-producing fuel. 


The ‘y would no more ‘think of using coke than soap, in some of 


their operations. 
+ 


No. 259—40. 


_ What data can you give from yourexperience as to the working pressure of 
gear teeth? 


Mr. Alfred B. Couch—One would hardly suppose, looking 
through the various engineering works published, that such a ques- 
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tion need be asked. The rules furnished are in number bountiful 
and in variety nearly intinite. 

A few years ago Mr. Jolin H. Cooper, one of our members, col- 
lected some thirty or forty of these rules, and the collection was a 
curiosity. Certainly ne two of them agreed. The deduction from 
some of them was that the safe stress on the wheel-tooth would vary 
as the pitch; from others, as the square of the pitch; from one, if 
not two, as the eube of the pitch. I am sorry not to have a copy 
of this collection, because it certainly isa curiosity. Some of these 
rules assume a fixed proportion of breadth of face to pitch; in 
others the value is made as the product of the pitch and breadth. 

I preter to speak in a way which does not require the use of so 
many terms, and assume that the breaath of face is 2) to 2} times 
the pitch. It is of course sometimes necessary to use finer pitches 
and broader faces, and sometimes coarser pitches «nd narrower 
faces, to get the required ratios and strength within the required 
limits. 

But the rules of which I speak give us pressures which, reduced 
to the basis of one inch pitch and 2} to 2} inches face, vary from 
300 to 700 or 800 pounds for cast-iron. Most of them are based 
upon the transmission of a given amount of horse-power at a given 
velocity. That isa deceptiveand misleading manner of stating the 
case. 

For instance: Suppose 100 horse-power to be transmitted by 
gearing from a steam engine whose boiler-pressure is 89 Ibs. and 
whose point of cut-off is at one-fifth or one-quarter of the stroke. 
That is all very well. But the engine is very likely to start at half- 
stroke, and to put a strain upon the teeth due to the entire boiler | 
pressure and piston surface at the greatest leverage of the crank. 
When at its normal velocity and transmitting its usual power, the 
gearing will be under a strain probably less than half that under 
which it commenced moving. 

And in rolling, punching, shearing, and pumping machinery, and 
many other kinds in which gearing is used to transmit power, the 
use of the horse-power at a given velocity as a unit in computing | 
its strength is very misleading. 

In my own experience I know ofa good many pairs of gears, in 
which the smaller wheel has not more than 20 teeth and the 
larger not less than 80, in which the actual pressure at the pitch 
circle is from 800 to 1,500 pounds per one inch pitch by 25 to 2}- 
inches face. Of course, if a uniform proportion between breadth 
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of face and pitch is preserved, the teeth become similar beams, and 
their strength is as the squares of their similar dimensions. That 
is to say: with the same proportionate breadth, a pitch of two 
inches should be sufficient for transmitting four times as great a 
stress as a pitch of one inch. 

In my own practice, I am well satisfied when Tam sure that a 
pair of gears will never be subjected to any greater strain than that 
represented by 100 pounds per one inch pitch. 

But, along with the question “ What stress can the teeth s:fely 
bear ¢” always comes another quite as important: “ What is the 
greatest stress to which they will be subjected in their legitimate 
use?” And the latter is usually the more difficult question of the 
two. 

In all cases to which T have referred, and in ai! eases with which 
[ have had anything to do, I consider it an essential condition that 
the pinion teeth, by the use of different material, or by suitable 
shrouding, shall be made, of the two, stronger than those of the 
wheel in which they run. Unless thus strengthened, they are, by 
reason of their necessary thinness at the root, much weaker. This 


is a matter reaniring careful attention if good results are expecied. 


Mr. Allan Stirling.—Within a few days T have had occasion to come 
in contact with a pair of engines which are 24 by 30, running 100 
revolutions a minute, developing 500 or 600 horse-power, and they 
are driving through a pair of wooden-toothed wheels about 8 feet in 
diameter. The teeth are about twelve inches Jong and there are 
two wheels making the length of the teeth twenty-four inches. The 
pressure per inch of length of these wooden teeth would be about 
300 pounds. I feel certain from what I know of the work of these 
engines that these teeth are doing about all that they ought to be 
asked to do—about 300 pounds per inch in length. 

Mr. F. /1. Richards. One observation which I would like to 
make on this subject is this: Frequently draughtsmen make their 
calculations for gearing as if two or three successive teeth were to 
be in use at the same time. It seems to me that in laying out gear- 
ing for machinery, it should be assumed that one tooth is to do all 
the work, and that the work is all to be applied at the point of the 
tooth ; this plan being designed to guard against accidents. Where 
calculations are made, as they sometimes are, on the theory that two 
or three teeth divide the strains between them, and that the work 
is applied at the pitch line, anything dropping between the teeth 
is liable to throw too much strain on one point, with a breakdown 
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as the result. I speak of this because I have known several drauglits- 
men to use, in designing machinery, that mode of caleulation—di- 
viding the work up among successive teeth, so that if a chip should 
drop into the gear, one tooth would have to do all the work and 
would probably give way. 

Mr. W. W. Dingee.—The cog gearing of lever powers used in_ 
threshing, owing to the irregular draft of horses, is subjected to 
heavier strains in proportion to faceand pitch of teeth than is usual 
in stationary machinery, and as an illustration of the possibilities of 
toothed gearing, working under many disadvantages, may be of 
value. 

In this kind of power (Fig. 169) 12 horses walk in a circle 25 ft. 
in diameter at the rate of 196 ft. per minute, and to exert the 
ordinary horse-power would have to draw 5398° = 169 lbs. each. 

In the accompanying vertical section of a power, master wheel a _ 
is 6 ft. in diameter, and is a double bevel wheel with 150 teeth on 
each face. To this wheel 6 levers are attached, the outer ends of 
which describe the 25 ft. circle, in which the horses walk. Taking 
the center of the wheel as the fulerum, and the cireumference as the 
point of resistance gives a lever 12} ft. long, fulcrum at one end, 
resistance 3 ft. from fulcrum, power applied 93 ft. from resistance. | 

The gain of power in this lever would be ci = 3.16—Total draft. 
of horses 169 Ibs. x 12 x 3.16=6408 pressure in lbs. on master wheel | 
a. The power applied to this master wheel is transmitted to shaft: 
by the bevel pinions These pinions are 5inches diameter: 
on pitch line and have 18 teeth each; the two that are keyed to 
short shafts d give their power to shaft 4 through angle pinions, 
and as there are two teeth of each of the four pinions ee ¢e¢ in- 


action at once, the strain per tooth on these pinions would be 
64°8—801 lbs. The face of these teeth is 3 in. x } inches or 2} 
square inches each, the movement is 47 ft. per minute. 

In the center of shaft 4 is keyed the large spur wheel which is 
38 inches diameter and has 140 teeth. This wheel gears witha 
pinion 43 inches diameter, having 17 teeth keyed to shaft 7. Shaft. 
4 turns 28.8 times per minute, which gives the teeth of the spur_ 
wheel a movement of 280 per minute 

In the turning of the large spur wheel the power is applied to the 
short arm of lever and must be divided by 7.1 to represent strain — 
on its cogs. There are two of these spur wheel cogs in action at- 


once; making no allowance for power required to turn shaft b, we 
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veld 


169. 


q 


have $493 =451 lbs; 2} in. x 5-8 in. = 155 square inches, face of 
tooth. 

Experience shows that in this power the spur pinion turning 
shaft f will much outlast the bevel pinions turning shaft >. By the 


| 
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data given it will be seen that the pressure per square inch on face 
of bevel pinion cogs ¢ ¢ ¢ ¢ is 356 lbs, and motion 47 ft. per minute, 
while the spur pinion cogs work under a pressure of about 290 Ibs. 
per square inch and have a motion of 280 ft. per minute. 

As the power was originally made, angle pinions were not used 
and the entire strain passed through the two pinions on shaft b ; 


when this was the case the breakage was very great. Over 10,000 


of the double-geared powers have been made and used in the past 
10 years with little or no breakage. 

Mr. Geo. H. Babcock.—It seems to me that on this subject we 
can lay down no rule, no formula, which will apply to 2ll proportions 
of teeth, certainly not a formula which will apply to all materials. 
The object of the question, as I understand it, is to gather data 
from practical experience, and that is always a very good thing to 
do. You will see why it is not possible to lay down a formula 
which will apply to all sizes of teeth, because if we make the pres- 
sure proportionate to the strength of the teeth considered as a beam 
there will come a point, as the tooth is enlarged, where this pres- 
sure will be too great for the surface in contact and cause too great 
wear. If we base it upon a frictional limit, or an ascertained pressure 
which is proper for the amount of wearing surface, that will be too 
great for the strength of small teeth. If we make it right for 
wooden teeth it will be too light for iron teeth, and if we make it 
right for iron teeth it will cause too much wear on wooden teeth. 
Any attempt at a formula of that kind will have to be very com- 


plicated. 
No. 259—41. 


What is the best method and form of tool for drilling small deep holes in steel, 


say a hole} inchin diameter drilled 4 feet into end of a steel shaft. 


Mr. Henry R. Towne.—There was occasion in my own experi- 
ence to drill a hole of about the dimensions indicated, and on mak- 
ing inquiry of others engaged in lines of work which would require 
such an operation, I was surprised to find that there is very little 
information obtainable upon the subject, and, in fact, with the ex- 
ception of what I got from Pratt & Whitney, I did not succeed in get- 
ting any real light upon it. I infer from this that it isnot a usual — 
requirement to have to drill small, deep holes into metal; but if 
there are any here who have had occasion to do so, it will be a_ 
useful contribution to our general fund of knowledge if they will 
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give the results of their experience as indicating the best means 
of doing it. The trouble is quite a complex one. As you get 
deep into the metal, of course there comes the question of how to 
get oil or soda water down to feed the point of your drill, and how 
you will get the chips back again. If you have a very small drill, 
the friction of the tool against the sides of the hole becomes very 
large, and induces danger of finally twisting off the drill near its 
outer end, in which case it breaks in the hole. [hope some one 
here may have experience in this matter. 

Mr. Emery.—WUave not gun-makers been through all that? 

Mr. Towne.—1 presume they have with larger holes. 

Mr. Geo. M. Bond.—I\1 would Say that at the works of The Pratt 
& Whitney Company the operation of drilling small holes, 50 or 
40 inches long, from } of an inch in diameter to 1} inches, has 
been performed with an arrangement of drill and oil pump de- 
signed by one of our tool makers, Mr. J. W. Heyer, and has worked 
very successfully. flalf-inch holes are drilled at the rate of 
20 inches per hour in lengths up to 26 inches. The drill is 
fed forward continuously until the hole is completely through. 
The form of drillis one having a single Jip with a groove eut 
spirally nearly to the center, around one side cf it, while 
the opposite side is left so as to make the oil channel: then a 
thin piece of steel is soldered in this latter groove to form the 
channel oil-tight. Oil is foreed under pressure through the center 
of the drill by means of a pump carried by an independent belt. 
The lathes we have arranged for this work have each a pump with 
an air chamber giving a continuous flow of oil, which is thus forced 
in under a pressure of one hundred to two hundred pounds to the 
square inch. The oil is thus carried to the point of the drill, and 
this current under such high pressure carries the chips out to the 
mouth of the hole. In our experience it works well up to lengths 
of 20 to 30 inches. The drill very rarely runs out of the center 
more than half a hundredth to a hundredth of an inch. The ree- 
ord, as I have it here, shows that with holes three-quarter inch in 
diameter, 26 inches long, one man running two lathes, a three- 
quarter inch drill in one lathe and a one-inch drill in the other, 
4} spindles 26 inches long and 3 spindles 30 inches long were 
drilled in ten hours. The record for inch and a quarter holes is: 


5 spindles, 25 inches long, drilled in ten hours, one man runnin 
] ’ ’ 


one lathe. I might say that this drill in running was so com- 
pletely filled with oil, and thus kept cool and well lubricated, that 
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the dulling of the drill was so slight that the spindles, which were 
26 inches long, were all finished with grinding the drill only in the 
morning at the commencement of the operation. We have at- 
tempted to drill gun barrels as small as twenty-five one-hun- 
dredths of an inch in diameter, but this small size drill has a decide de 
tendency to twist, though no doubt we shall finally conquer this’ 
difficulty also. All our spindles for drills, lathes, and screw ma. 
chines are now being drilled in one department of our works. = 1 
may say that in the American Machinist of March 27th, 1886, 
there is an article by Mr. A. B. Landis deseribing his system of | 
drilling deep holes, but the oil was introduced in a somewhat dif- 
ferent way. The oil was pumped in around the outside of the 
shell which carried the working part of the drill, instead of within | 
it, as in our practice. The method which we have adopted seems _ 
to present fewer difficulties in the way of keeping up the drills, | 
and insures the oil being delivered at the proper place, and also 
the complete discharge of the chips without clogging during the — 
operation. 

Mr. Towne.—I am informed that we have with us here Mr. Sup- 
plee, of Philadelphia, who has had experience in this matter. I 
believe he is not a member of this society, but I should be very 
glad if the Chair would invite him to tell us what he knows of this 
matter. 

The President—We should be pleased to hear from Mr. Sup-— 
plee. 

Mr. IH, I, Supplee.—The only experience I have had in this matter 
is that I witnessed the operation of drilling holes about three feet — 
deep and three-eighths of an inch in diameter. This was two or 
three years ago. I do not recollect entirely the details, but it was — 
performed by welding an ordinary twist drill to the end of a 
wrought-iron shank. The shank was sufficiently smaller than the 
drill so as to allow the chips and dust to escape around the shank, | 
and the result was that the drill was only in contact with the bore | 
for four or tive inches. This was done in an ordinary lathe. The. 
drill, I believe, was supported near the end and held on the ear- 
riage so that it could be frequently withdrawn for lubrication. I 
think the chips were withdrawn in that way. In this case it was 
not essential that the hole should be perfectly true or perfectly 
smooth, but simply that it should be gotten through successfully 
without deviating very greatly from the center of the rod, and 
without any possibility of breaking the drill off in the hole. It 
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was quite successful, and two or three rods were drilled in this 
manner. 

Mr, Emery.—1 suppose that in all cases the work turns and the 
drill is stationary ? ; 

Mr. Supplee.—lt was so in this ease. 

Mr. Emery.Was it so in Hartford ¢ 

Mi. Bond —Yes. 


No. 259—42 
a Have you made any use of calculating machines or tables, either in profes- 
sional or commercial work ; if so, with what result % 


Mr. F._A. Halsey.—For the past five years I have made habitual 
daily use of the slide rule, and have come to regard it as an indis- 
pensable desk adjunct. As asaver of time and mental wear and 
tear in tedious caleulations, its value is great and unquestionable. 
Its use once acquired, it will not be laid aside. Its only drawback 
is the amount of practice necessary to acquire facility in its use, for 
while its method of operation can be Jearned and understood in an 


hour, facility in its use only comes with a good deal of practice. 


This grows out of the fact that, unlike ordinary scales for measur- 
ing purposes, its divisions have different values in different parts of 
its length, and this arrangement continues to perplex the eye after 
the head has learned to understand it. Its use once learned, work 
becomes practicable that without it would not be attempted, such as 
the preparation of tables relating to the user’s specialty. In such 
work the value of the instrument is simply enormous. <A single 
setting will enable one person to read off a column or line of the 
proposed table as rapidly as another can write down the results. 
Fractional factors of large denomination can be handled as rapidly 
as the smallest whole numbers, powers are raised, roots extracted, 
and areas and circumferences determined by a glance; in fact, a 
bare statement of its qualities and uses seems extravagant and ex- 
cites incredulity. 

Mr. H. R. Towne.—The slide rule which, after having been well 
appreciated fifty or seventy-five years ago, and then going out of use, 
is coming back again, and evidently has great convenience in many 
kinds of work. There are some kinds of werk, however, where ab- 
solute precision is requisite, as in calculations involving values where 
two parties are concerned, and where those values must be precise to 
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onecent. Insuch cases a slide rule would not do. For troublesome ad- 
ditions, subtractions, multiplications, and divisions my attention was 
culled at one of our meetingsand by one of our members to a book 
called * Crelle’s Tables,” published in Germany, which I have found is 
obtainable in New York. These tables are equally valuable for pro- 
fessional and for commercial work, and perhaps have their greatest 
value in the counting-house. I have found them sufficiently useful 
to be worth noting and worth trying by almost any one having to — 
make calculations, either commercial or otherwise. 

Mr. F. I. Richards.—Without attempting to give very much in- 
formation on this subject, I would remark that the majority of slide 
rules are manufactured in a crude way, and the graduating, espe- 
cially, is done in a manner which, to say the least is very economi- 
cal. Although [ never made much use of them, at one time I was 
very well acquainted with their manufacture. My idea is—and I 
think most of you will agree with me—that the slide rule is, in some 


somewhat 


classes of work, very useful as a means for estimating, 
roughly, general results, but that it can not be relied upon where 
accurate calculations are required. Some years ago I heard Profes- 
sor II. A. Newton, of New ILaven, say some one had made a spiral 
slide rule ten feet in length, which gave very good results. 

Mr. Geo. M. Bond.—In our drawing-room the use of the slide 
scale is found very convenient by at least one of our draftsmen. 
This slide rule is one in which the subdivisions and values are all in- 
Danish, and the owner seems to handle them with great facility in 
extracting square and cube roots and estimating, logaritlims, etc. Ie 
seems to be able to do it in a quarter of the time it could be done 
in the ordinary way. It seems to me, however, that it would be 
necessary to have it in constant use, in order to keep in practice sufli- 
ciently to be able to handle it and compete with the ordinary — 
methods, even to the limited degree of accuracy obtained by its — 
use. 

Mr. Olin Scott.—There is a point in connection with this which 
seems to be overlooked by a great many writers and, as a result of 
my own experience, covering a good many years asa builder of ma- 
chinery for making measuring instruments, I have come to the con- 
clusion that it is very hard to induce any man, having any matle-_ 
matical ability whatever, to substitute a machine for mental opera- 
tions. Now, the common carpenter’s steel square, which is used 
almost universally in this country, was invented by aman near where 
I was born, and for a great many years those squares were made 
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there solely. He was the inventor of what is known as the board 
measure, a measure for laying off octagons, and another known as the 
brace scale, all of which were but little used for many years. After 
I became the owner of a machine shop and made machinery for con- 
structing those squares, I endeavored to carry that process further 
by putting on scales by which you could determine the cireumfer- 
ence of circles from their diameter. I also got upa scale whereby 
the contents of a pile of wood could be measured in cords, making 
the unit of measure the side of the cubical cord. I never could sell 
it. I also attempted about twelve years ago to make measuring in- 
struments by introducing the decimal system, and they had only ¢ 
limited use among engineers. I never sold a rod in this country 
made on the French system of meters. I found a great many men 
advocating the introduction of the decimal principle or French sys- 
tem, and I made machinery at a cost of eight thousand dollars for 
making measuring rods, chiefly three meters in length, and I never 
had an order forthem. The point of all this is, that it is very hard 
to induce any person to substitute a tool or instrument for computa- 
tion which he can perform mentally. 

Mr. C. E. Lmery.—The most efticient form of slide rule is prob- 
ably that formerly made by Mr. John W. Nystrom. It is simply a 
metal plate of segmental form, with various curves engraved upon it 
on a groundwork of radial and circular lines. Each curve refers to 
a particular calculation, and the readings are made by noting the 
intersections of such curve with the groundwork of regular lines. 
Many who have used this instrument have found it of great service, 
and it was by its use that Mr. Nystrom was able to perform so much 
mathematical work. It would be interesting if parties from Phila- 
delphia could inform us whether arrangements have been made to 
continue the manufacture of these instruments since Mr. Nystrom’s 
death. Some of his work has proved very valuable. Tis tables and 
rules for parabolic construction of ships’ lines will be found partic- 
ularly useful. 

In connection with the calculating machine above referred to, 
which I have described as, practically, a slide rule, it is well to say 
that very many of the proportions in regular use in a manufactory 
ean be very conveniently plotted in the same way. If sheets are 
prepared with either rectangular or polar co-ordinates and any 
_ progressive system of data laid down upon the same, such as size 
of piston rods, dimensions of frames or any other parts of a steam 

engine, a curve may be quickly plotted to connect the points which 
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will aid the eye and judgment very greatly in designing structures 
of the same kind, though widely different in size. 


4 


No. 259—43. 


‘* What limit of stress should be adjusted for chains as used on cranes?” 


Mr. C. Seymour Dutton.—T think the answer to this question 


perhaps somewhat on the character of the work ; but so far as 


that is concerned, I suppose we may assume that there are no 


sudden shocks to come on the chain, and we have simply to pro- 


vide for a chain strong enough under ordinary conditions to raise 
the load with safety. 
surface sometimes not very large, and if the links are of any con- 


siderable length, there is a tendency to a bending action of the 


links, which is, of course, injurious to it to a certain extent ; but, 
as I said, the ditheulty, I think, principally, is the quality of the 


chain. Now in ordinary iron construction we are accustomed to 


specify to the manufacturers a certain quality of iron, and to in- 


sist on that quality. We make tests of a portion of the bars ; 


specimens are cut out and tested for ultimate strength, elastic 


limit, elongation, and various other characteristics, and we see 


in getting chains we do not have any such guaranty as to the 
The chains are very difficult to test, be- 


quality of the chains. 
‘vause they are made of such a large number of parts that it is diffi- 


Probably some of the very strongest links in the chain for tensile 


strain are the first to break. 


three weeks in our own work to see two chains broken. In one 


case a crane chain broke and ruined a large brick-mold that was 


just ready to be dried. In another case it was a sling chain 


around some machinery. These, by the way, are much more liable 


to break, because they are much more liable to be twisted or bent. 
Our foundryman said the links were crystallized from hard use. 
If there is any one thing in the world that makes me more tired 
than another, it is to hear the usual talk about the crystallization 


of iron. 
ings, and it is hardly necessary to say anything on the subject ; 
only, if a piece of iron is broken and it appears to be crystallized, 


It has been gone over by the society at previous meet- 


ae 


depends largely on the erane, and principally on the chain, and ; 


Usually the chain rests on a eylindrical — 


that the material comes up to that requirement. So far as I know, 


cult to test anything more than the ultimate strength of the chain. 


I had oceasion in the last two or 
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you can make up your mind that it was crystallized when the iron 
was made. I have seen cases in which iron had deteriorated, as 
I believed, from continuous action that extended probably beyond 
the elastic limit of the iron. I remember one instance that oc- 
curred—or a number of instances that occurred—when IT was a boy 
on afarm. T had oceasion to run a mowing-machine a good deal, 
and after a time the knife bars of the mowing-machine would 
break. After they got so that they would break, it was no use to 
do anything further to them; welding or patching them was no 
good. The appearance of the iron was not crystalline ; it was a 
rounded bright surface, or, as 1 expressed it, of a granular char- 
acter eitirely different from a cold-short fracture or a crystalline 
fracture of cast-iron. That has been my experience with a chain 
that I have seen broken; there was simply a link in it, or a por- 
tion of the link, that was full of phosphorus all the way through, 
and so brittle that it did not stand the action. The practice in 
bridge-work has been to allow for the tension members a stress 
of about 10,000 pounds to the square inch, in some cases adding 
to the material to allow for the effect of impact a percentage of 
perhaps 25 per cent. on members which received their shock di- 
rectly, and I cannot see any reason why the limit shoul! be placed 
any lower than that. I think that would be an entirely safe limit 
for a chain if we can get our chains of good fibrous iron ; iron of 
a tensile strength say of 50,000 pounds to the square inch, which 
is about as good as we can get, and have the other qualities we 
want connected with it. 

Mr. Win. Hent.—A great deal might be learned on this subject 
of the strength of chain from Commander Beardslee’s report on 
wrought iron and chain cables,* and I think in Mr. Holley’s analy- 
‘sis of the effect of phosphorus on iren (included, also, in Com- 
mander Beardslee’s report) he showed that moderately high 
phosphorus was not inconsistent with a very good chain iron; 
that some of the best chain cablés have higher phosphorus than 
‘some of the poor ones. In regard to the factor of safety, there is 
‘avery great difference in the strength of the chain link compared 
with the strength of the bar from which it is made. The link has 
from 135 to 170 per cent. of the strength of the bar, so that in 


getting factors of safety for chains the link may be taken as hay- 
ing 150 per cent. of the strength of the bar, and then allow a 
pretty high factor of safety after that. 


* John W iley & Sons. 


a 
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Mr. John Walker, It is a well-known fact that if you take a bar 
_ of iron and cut a piece from the end, it may look very good and ap- 
parently be very strong; at the same time a piece from the other 
end of the bar might break off with the vibration in cutting same. 

It is almost impossible to get a piece of bar iron that is consist- 


ent its entire length. A short time ago, in Cleveland, we took 


some bars of iron and investigated this question of different quali- 


ties at different parts of the bar. All manner and kinds of 


strength were represented in the various sections. ‘The iron was 


~ ae and in some of the fractures there was not a quarter 


2, of a square inch of good iron; in other parts there would be 33. 


per cent., and in some places there would be 50 per cent. of good 


fibrous iron ; the balance would be crystallized. When we have 


i iron of such a quality as this put on the market, it is very neces- 


sary, in chain work especially, that we have a very high factor of 
safety. At the Cleveland meeting, it will be remembered, the 


g, 
question of chains was discussed, in reference to their passing 


over grooved wheels. I would like to inquire of Mr. Dutton if 


the chain he speaks of that broke some time ago had the links 


touching on the bottom of the groove, or if the horizontal link 


touched on the barrel? If a link lies flat on a barrel it is bent, 
and if it should be twisted in going back it will be reversed and 


~ bent the opposite way ; this will soon break a chain. If the ver- 


tical links are made to bear on the bottom of the groove, we have a 
different state of things ; the vertical link being able to carry the 
chain without bending ; hence we g 
horizontal link without bending the same, whereas if the horizon- 
tal link lies flat on the barrel, we will bend it. 

Mr. Dutton.—The pulleys, the same as the drums in this case, 
were all grooved and the chain-links lay flat, the two sides of them 
resting on the barrel. 

I would like to say just another word in regard to the quality of 
the iron. If Mr. Walker had oeeasion to buy 100 bars of iron, and 
he specified to the manufacturer that if any one of those bars that 
he saw fit to test showed cold-short or any other imperfection, that 
he did not want that the whole hundred should be rejected and 
taken back, I do not think he would have any of that trouble. I 
have handled a good deal of iron under those conditions, and have 
very seldom had to send back any iron.* 


et the proper tension on the 


* Mr. Kent refers to a probable improvement in chain due to the presence of 
a certain amount of phosphorus in the iron. 
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Mr. O. C. Woolson.—I think this subject of chains is somewhat 
analogous to the subject of stays in boilers. We have got to han- 
dle our material several times in different ways so that the mere 
testing of a piece of a bar or a whole bar amounts to very little, 
except as a conclusion to its fitness for working ; and I think that 
this society is just the body to recommend that every chain be 


tested. There should be some method arrived at whereby these 
chains can be put to a test before we are asked to use them. I do 
not say what kind of a testing machine; I merely assume that 
there is some way of doing it. As regards the lay of the chain 
on the drum, I think this gentleman on my right is correct. I 
think some of the best drums that I have seen for the purpose of 
equalizing the strain through the different parts of the link allow 
the links of the chain to lie at forty-five degrees, letting every alter- 
nate link rest on one side. The result is, we get as free motion 
between the two links with a somewhat larger surface of wear, at 
the same time bringing a more uniform strain on the two bars 
than we would if we put the link flat down. And, what is very 
desirable, it enables the use of a much shorter dram with equal 
length of chain.* 

* This is doubtless true, and, while the construction engineer says that so long as 
he gets certain physical qualities in his material, he cures not for its composition 
or method of manufacture, it may still be some satisfaction to know what in- 
gredients and processes produce the physical qualities we may or may not desire. 
The presence of phosphorus in any amount renders the iron more fluid and 
easily worked while hot, but when cold, hard, brittle, somewhst stronger both 
in tension and compression under a steady strain, and having a bright crystalline 
fracture when broken. 

Pure iron is very soft, having a rather low strength, and is very easily oxi- 
dized ; consequently a small amount of phosphorus, carbon, and perhaps other 
elements which we usually regard as impurities, actually render our iron stronger, 
harder, and better adapted to our use. 

But as phosphorus makes the iron work easy and is hard to get rid ef, it is 
almost always found to excess in bar iron, unless the iron is made under a speci- 
fication. Old rails are one of the most fruitful sources of cold-short bar iron. 

Now it happened in rail manufacture the rail was better if the head was very 
hard or co'd-short, and this was also favorable to cheapness iv making ; and while 
the old worn-out rails are cheap, and pile up and weld together very nicely be- 
tween the rolls, the product is uneven, mostly bard, brittle, and altogether uusat- 
isfactory, and unfortunately this is just the iron we can expect and usually get 
whén we order anything under the head of merchant bar iron, 


TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 


No. 209--44. 


‘* What is the average efficiency of a man turning a crank?” 


Prof. R. H. Thurston—The efficiency of the man-driven crank 

depends very largely upon the time expended in continuously op- 
erating it, as well as upon the “species and race, the health, 
strength, activity, and disposition of the animal,” and other con- 
ditions mentioned by Rankine and other authorities. I have 
_ known very nearly a horse-power reached by a heavy and power- 
ful man working for afew moments at a time. A half horse- 
power is not difficult of attainment by such a man working with 
frequent intervals of rest. Under the usual conditions of the 
— working day, from ten to fifty per cent. of the horse-power is ob- 


Ordinarily, I should say that ten per cent. would be about as 
much as should be reckoned upon. This means probably not far 
rom fifteen per cent. of the power of a horse; for there is at 


Rankine (St. Eng. pp. 84-86) makes the 

power of a man turning a crank about ten per cent. of that of a 
~ horse drawing a eart, and 12} per cent. that of the animal work- 
ing ina “gin.” Mr. George E. O'Neill, a New York mechanic, 
who has been working with his eyes open, gives me the following : 
During the period in which a boiler was thrown out of use for re- 
pairs, it beeame necessary to do the work by man-power, and a 15 
inch crank was attached to each end of the shaft of the small en- 


gine then disconnected. With one man on each crank, turning at 


the rate of 100 revolutions per minute, three horse-power was ob- 
tained. [Reliefs were arranged at intervals of three minutes, and 
four men thus employed worked twelve hours a day for twelve 

days, at the end of which time, however, they were all, as Mr. 
— O'Neill put it, “ played out.” 

This would give the work of a man by the day at about three- 
quarters of a horse-power. Had they worked ten hours a day in- 
stead of twelve, it is probable that the work might have been con- 

tinued indefinitely. 
Mr. John Walker.—I lave had something to do with building 
cranes in Europe and in this country. Ihave used the common 
old rule of 15 to 18 pounds on the crank, and find that about the 
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right amount we may expect an average man to continue to op- 
erate a crank at without too much fatigue. For lifting a given 
load I have to say that I never found it fail when the gearing was 
according to the load to be lifted. 

Mr. Nent—1 would like to ask what spee of revolution, and 
what radius of crank arm he has used ? 


Mr. Walker.—TYhat, of course, is regulated by the gearing. 


The proportion of power will be between the speed of a crank at 
the handle and the speed of the load lifted ; so that if you have a 
small crank, you must have gearing of larger proportions or more 
power. If you make a long crank, then you can have gearing of 
less proportions or less power. 

Mr. O. C. Woolson.—T have made some experiments during the 
past two years which showed that a good man will apply any- 
where from 30 to 40 pounds. 

Mr.G. M. Bond.—1 made a little rough experiment the day be- 
fore I started for Washington with a hand crane—one of several 
that are used and were made by the company with which T am 
connected. We had a lathe bed which was just ready to be taken 
off the planer, the weight of which was very nearly 2,000 pounds. 
IT timed the lifting of the lathe bed, and found that two men 
working one on each side of the crane, with a erank radius of 14 
inches, raised 2,000 pounds a foot high in twenty seconds ; so that 
the work done was 6,000 pounds raised a foot high in a minute, 
developing about one-fifth of a horse-power for each man. Then 
I took a spring balance and attempted to get a pressure at the 
handle, which I estimated to be about 30 pounds. Afterward I 
tried the experiment with one man only, and found it took 40 
minutes to raise the same weight. Ithink on this basis that the 
single man must have been working harder than each of the two 
men. The communication of the power was through a drum 
about 11} inches in diameter, using a wire rope, a worm wheel, 
and a steel worm, the latter about five inches in diameter and eut 
with a double pitch thread, so that the loss by friction must have 
been considerable, even with the use of nicely cut worm gear 
teeth and smooth surfaces of the worms. 

Mr. Wm. Hent.—In regard to the figures given by Mr. Walker 
I have made a calculation, showing that if a man presses 15 pounds 
on the end of a fifteen-inch crank and works 30 turns a minute 
he will develop about one-tenth of a horse-power. That corre- 


sponds very closely with Prof. Thurston’s calculation. ae &- 
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Mr. John Walker.—The rule which T gave is an arbitrary one, 
and the man is supposed to work at a comfortable speed without 
excessive fatigue. 


‘«What is the average loss of efficiency from friction in ordinary hoisting ma- 
chines operated by hand ?” 


Mr. Geo. M. Bond—It would depend on whether spur gear 
or worm gear were used. Of course, we all know from the ex- 
periments that were made by Mr. Lewis for William Sellers & 
Co., that there would be a difference in the two methods of driv- 

Mr. John Walker.—1 should think that this question is entirely 
dependent on the construction of the machine and the quality of 
its work. I should say that if the hoisting machine has an ordi- 
nary winding power it would be much less than it would be if 
chain sheaves were used and a stripper used to force the chain 
_ off the sheaves as they rotate, 

— The President.—I1 suppose that the idea of the one who formu- 


dated the question was that each one in giving his experience 

would state what kind of hoisting gear he referred to. 
Mr. Walker.—Then, of course, the plain drum would be much 
— and more satisfactory, the stripper taking considerable 
In reference to worm and gearing we have consider- 


compared with spur gearing. This depen large be on it is 
made ; for instance, we have a case in Philadelphia at the Clem 
~& Morse Elevator Works, where the wheel drives the worm, which 
is possible only with to superior workmanship ; so that these 

things are depende nt, I think, on the construction and workman- 
ship of the machine. 


No. 259—46. 


‘«Is there a form of safety valve on the weight and lever principle suitable 
for boilers on small vessels in rough water ?” 


Mr. E. P. Stratton.—When lower steam pressures were used at 
sea, there were many safety valves placed on vessels on the Euro- 
pean coasts, which were loaded directly over the valve, yet from the 
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immense amount of weight which it was necessary to concentrate 
on the valve itself they have failed to give very satisfactory re- 
sults. To overcome that difficulty, some years since a valve was 
invented in New York, and quite generally adopted throughout 
the steamboat service of the United States, which was operated 
by a system of semi-circular levers on which the weights were 
placed. This valve gave a tolerably satisfactory result, but owing 
to the circumscribed space in which it was required to work, the 
weights ultimately became more or less jammed, and tlie valve 
was finally discarded on account of the same result being more 


satisfactorily obtained through coiled strings placed over the valve. 
Valves of this type are now, I think, generally adopted in prefer- 


ence to those of the lever system, and their action seems to be 
more positive and satisfactory on all classes of steam vessels, es- 
pecially when in a sea way. 


No. 259—47. he 


** Ts 6,000 Ibs. per square inch, as provided in the U. 8. Inspection Laws for 
steam vessels, a necessary limitation for stays in marine boilers?” 


Mr. Allan Stirling.—There is a connection between this topic 
and the one that we have just finished. The Steamboat Inspection 
Law until very recently prohibited the use of spring safety valves 
on steamers. That was also the case in Canada, No spring safety 
valve could be used on any steamers in the United States and 
Canada until within a very short time. Recently the laws have 
been changed in both countries, and now we can use spring safety 
valves. Those who had used them before on shore knew very 
well their merits, and knew their superiority to the ordinary lever 
valve ; and, after careful consideration of the subject by the in- 
spectors, the law was changed, and now we use spring valves. 
Steamboat inspectors have an unusual responsibility. We all 
know what a disaster it is to have a boiler explosion on shore, but 
it is a great deal worse on shipboard. Some ships have gone out 
from port and have never been heard of. I have sometimes 
thought that a boiler explosion might be the cause of their total 
loss, and we should encourage the boiler inspectors to be very 
careful in the laws that they make and sanction for the govern- 
ment of steam power on vessels. Of course the world moves, and 
things that are right to-day may be wrong ten years hence, and 
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this law, which is now part of the law governing the use of boilers 
on steamships, that six thousand pounds per square inch is the 
limit of pressure—no doubt at the time that law was made it was 
a good law ; it may be so still; but it is an important matter and 
is worthy of investigation. Last evening we discussed the ques- 
tion of our navy, and this question of stays in boilers enters to 
some extent into the efficiency of any navy. It is well known that 
steam power is used to a larger extent than ever before in naval 
warfare. In addition to the use of very fast unarmored cruisers, 
it is known by those who have given any attention to the subject 
that even the armored vessels that have the greatest amount of 
steam power have an advantage for that reason. It is an advan- 
tage to have large guns and thick armor, but it is also an advan- 
tage to be able to manwuver the ship in a fight with an enemy so 
as to take it at a disadvantage, and so as to prevent it from taking 
your vessel at a disadvantage. This depends entirely on the rel- 
ative steam power of the two ships. Now, there are very few 
boilers built that do not require stays; it is pretty safe to say that 
a very large proportion of the boilers that are used have stays, 
and I do not know of any boilers we put on shipboard that 
do not require staying. Whether we shall strain those stays six 
thousand pounds to the square inch or ten thousand pounds to 
the square inch will make a difference in the weight of the boilers, 
and a difference in the general efliciency of the whole ship. 
As I said before, the inspectors cannot be too careful about the 
laws they make, and there is one reason why this law limiting 
the strain to six thousand pounds has been made, and that is, it is 
difficult so to arrange the pressure on each side of a flat surface 
that each stay will have its proportion of the work to do. You 
can readily see that for that reason the strain on each stay should 
be less than we would allow for steel or iron when we know that 
it was having its share of strain and no more. Locomotive boilers 
have large flat surfaces that are stayed. For many years they 
have carried the highest pressures that are carried by any boilers, 
and with perhaps as great immunity from explosion as most boil- 
ers. There does not appear to me, however, to be any good rea- 
son, assuming that we can strain the stays equally, why we should 
limit the strain to six thousand pounds in a stay and allow twelve 
thousand pounds in a shell. I can imagine that the giving way 
of a shell in many of our large marine boilers would be more 


disastrous than the giving way of a stay, and it does not seem 
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that we should conclude without investigation that the strains 
should be less on the stays than on the shells. The English 
Board of Trade rules are very similar to ours. They limit 
the strain on the stays to a much lower point than the strain 
on the shells. No doubt that matter has received very careful 
consideration from the British Board of Trade. There are no 
very recent experiments that I can find that are at all valuable 
in connection with the very high pressures we are now using both 
on shipboard and on shore. I think there have been some ex- 
periments made. Tam told that the Navy Department has ex- 
-perimented in this direction ; but these experiments have not been 
published that IT know of, and are not available to the profession 
generally, The tests made by Colonel Stevens at Hoboken, and 
about the time the Sandy Hook tests were made, with boilers of 
comparatively low pressures and with large distances between the 
stays, are practically valueless with the pressures that we are now 
familiar with. 


Mr. President, in view of the great importance of this whole 
subject, I move that a committee of five be appointed to investigate 
and experiment as far as possible and present to this society such 
conclusions or recommendations as they may see fit in regard to 
this law. 

Mr. FE. P. Stratton.—I lave had my attention called to this rule 
some time since, and it has always appeared to me to be an ex- 
—ceedingly arbitrary one, especially in view of the fact that in tak- 

ing sheets of metal for boiler construction we are allowed as a 
working strain one-sixth of the actual tensile strength of the iron, 
~ which in many instances reaches sixty thousand pounds. We are 
allowed to take one-sixth of this as a working strain, and this iron 


_ passes through rolls in its formation and becomes the envelope or 
— shell which contains the entire volume of steam and water, many 
— parts of which, for instance on the sides of the furnace and un- 
derneath the flues, are inaccessible to either the hand or the eye 
a the boiler is once constructed. It is somewhat the same 
ease with boiler stays ; but they are generally more accessible, and 
can be taken out and examined or repaired, and I see no just 
reason why the limit should be placed at six thousand pounds 
_ when the sheet forming the envelope of the boiler, which is often 
more inaccessible in many parts for examination or inspection, is 

~ allowed ten thousand pounds as a working strain. 


Mr. Wm. NKent.—There may be one reason why we should give | 
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a larger factor of safety to stays than to shells; that is the effect 
of internal corrosion. Suppose you have a shell one inch thick, 
which gets reduced in thickness by internal corrosion one-tenth 
of its original thickness; suppose you have a stay one inch 
diameter which is surrounded by water on all sides and exposed 
to the same corrosive influences—its whole circumference would 
be corroded and the extent of metal removed would not be ten 
per cent. but nineteen per cent. I think that is one reason why 
we should be very careful in modifying the law concerning the 
safety of stays. 

Mr. Jno, Walker,—Mr. Kent has just expressed my views. Any 
person here, I think, who has examined boilers, has seen the stays 
almost gone when the shell was practically perfect. 

Mr. Stratton.—The question then resolves itself largely into 
that of inspection. The law requires that all boilers shall be in- 
spected at least as often as once in each year, and one of the diffi- 
culties in inspecting boilers is that the inspector too frequently 
does not go inside of them to examine the stays, and get at the 
actual condition of the stays and bracing; if they were half as 
particular in examining boiler stays as they are in examining the 
external portions of the shells after putting the pressure on them, 
many of the difficulties experienced would be eradicated. The 
shell of the boiler contains the entire volume of steam and water, 
whilst the condition of each stay only affects a very small portion 
of the entire area braced ; yet the shell is allowed a working strain 
of about ten thousand pounds, while the bracing is only allowed 
six thousand, and still the bracing is far more accessible for ex- 
amination and repair than many parts of the shell which is forced 
to endure many times the strain and does not have half the atten- 
tion that the bracing and staying receive. 

Mr. George M. Bond.—The importance which the Pennsylvania 
Railroad Company attach to this matter is shown by the fact that 
they drill small holes in the ends of the stay bolts of locomotive 
hoilers to determine when corrosion or failure from any cause has 
occurred. Steam will thus leak through this small hole and the 
attention of the engineer would be at once called to that particular 
stay bolt, which may be corroded or broken off next to the crown 
sheet or outer shell of the boiler. 

— Mr. L. S. Randolph.—I found in some experiments made a 
year or two ago a number of stay bolts broken in a locomotive 
boiler. 1 think in one boiler we found as many as one hundred 
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and thirty. These bolts were all broken square across close to 
the shell; I could find no reason for it at first until the idea came 
to me that perhaps the difference of temperature of the fire-box 
and the shell had something to do with it. I think the fire-box 
was ten feet long inside. Assuming a difference of two hundred 
degrees in temperature between the fire-box and shell, we get a 
difference of about one-eighth of an inch in the total expansion of 
the two sheets. In order to test this we fitted up a shaping ma- 
chine with a single stay bolt four inches between the surface of 
the plates. The top plate, or the one bolted to the head of the 
machine, represented the fire-box sheet, and was ,, in. thick of 
Otis steel. The lower plate, which was bolted to the platen, rep- 
resented the outside or shell sheet, and was also of Otis steel 3 in. 
thick. It was found that common iron stood about four 


hundred 
vibrations, stay bolt steel about four 


thousand vibrations. The 
best results gotten were from Sligo iron, that stood, 1 think, five 
thousand vibrations, I found that invariably the stay bolt broke 
off close to the lower sheet. This seems to be another question 
with regard to the strength of the boiler, and one which is most 
difticult to solve. I tried several arrangements—among other 
things, the threads were turned off, but this only made things 
worse, as the vibration was localized in some flaw or imperfection 
in the metal. 

About five or six months afterward I presented this subject in 
a paper read before Section D of the American Association for the 
Advancement of Science, at the Ann Arbor meeting. It would 
seem that the greater the diameter the greater the effect this 
motion would have on the strength of the stay bolts. 

Mr. O. C. Woolson.—It is to be remembered that in arene of 
manufacture, the manipulation of material for the 
drawing, welding, upsetting, punching, springing, etc., ete 
what different from that of the shell. 


braces, by 
., iS some- 
The braces are of different 
kinds and characters, a great deal coming from the whims and 
notions of the builder; whereas the shell is a cylindrical shell, and 
no builder pretends to make any peculiar shape due to his pecul- 
iar notions. It is all left, or largely left, to a mechanic, pre- 
sumably a good one, and yet he, I think, is more apt to have 
mistakes occur in that class of work than he is in the shell; at all 
= it is not so readily detected, and I think on the whole more 


: - mistakes and more bad work will be found in the boiler in its 
stays than in its shell. Se = 


| 
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No. 259—48. 
An improved method of Blue Printing from large originals. 


Prof. R. H. Thurston.—It gives me great pleasure to exhibit to 
the Society a copy of a very large blue print made by Professor 
E. C. Cleaves of the Sibley College of Cornell University, by a new 
method devised by him, by means of which almost any desired 
size may be made. 

sy the common method the larger sizes are difficult to make 
satisfactorily ; the plate glass needed for the apparatus is very 
costly, and is subject to serious risk of breakage, and the whole 
arrangement becomes clumsy and difficult of management. By 
the process adopted by Professor Cleaves, no plate glass is re- 
quired; the apparatus is simple and easily and conveniently 
handled ; and the size and cost of apparatus bear very little re- 
lation the one to the other. Any size likely ever to be required in 
any work of the engineer can be as easily made as the smaller 
sizes, and the cost and difficulty of construction of the apparatus 
are never likely to be such as to constitute a bar to the use of this 
system of printing. There is no practical difficulty in getting up 
an apparatus to print a drawing ten feet wide and thirty feet long, 
if it should be found desirable. That here exhibited in illustra- 
tion of what can be doue is three and one-half feet wide and eight 
feet long, and is probably the largest blue print yet made by any 
process. 

Professor Cleaves’ apparatus consists merely of a cylinder of a 
length exceeding that of the widest drawing to be reproduced, and 
of a diameter such that the longest tracing to be used can be 
wrapped around it with sufficient space to spare to give room for the 
clamps by which it is drawn into place and held. The cylinder is 
smoothly covered with felt and the sensitive paper carefully wrap- 
ped about it, the tracing to be copied being drawn over the whole 
and held smoothly in place by spring clamps which Seize its ends. 
It is found to be easy to lay the tr: acing smoothly over the surface 
and to draw it into contact so perfectly that the work done by this 
‘method is even better and more certain than that produced by the 


‘ordinary plate-glass apparatus, even with the air cushion now so 
successfully used with it. The print shown has a defect at one 
corner; but it is the only defective one yet made, and was selected 
to send simply because it was feared that that there might be 
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some danger in sending it by express, and it was preferred to risk 

thisrather than another. It is easy, with a little care and with 

some practice, to make these prints absolutely perfect, much easier 
than with glass. 

The apparatus being ready for use, it is mounted on a cradle, 

-. supported by its gudgeons, and is revolved in the sun by means 

_ ba a cord leading from some convenient line of shafting ; or it may 

» turned by hand until the exposure is satisfactorily completed. 


requires a little more time to print a sheet by this method than 


by the old, as the tracing and the underlying sensitive paper are 


~ but one-half the time exposed to the rays of the sun. With these 
exceptionally large prints, however, for whieh ouly this process 
~ would be employed, this is not an important matter. They are 
not likely to be made every day. 


No. 259—49. 


What system of regulating the wages of labor in our saoihaaiihaia ‘turing establish- 
ments will tend to make that labor most efficient and produce the largest returns 
both to employer and employee? Give especially data from actual experience with 

effects of piece-work, premiums, participation in profits, graduation of wages, with 
terms of service, ete, ete. 


This topic was so closely related with the trend of the discussion 
of Mr. Kent’s paper entitled “ A Problem in Profit Sharing” that 
its discussion is printed in connection with the latter, and will be 


found on page 649 of the present volume, 
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